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EXECUTIVE  SUMMARY 


The  energy  selection  criteria  in  Army  Regulation  (AR)  420-49  have  resulted 
in  increased  use  of  large,  coal-fired  central  heating  plants  which  require 
efficient  and  reliable  heat  distribution  systems  to  meet  the  energy  needs  of 
military  installations.  The  Tri-Service  Specifications  for  Underground  Heat 
Distribution  Systems*  were  developed  in  the  1960s  to  establish  criteria  for 
the  design,  construction,  operation  and  maintenance  of  these  systems.  In 
1976,  Federal  Construction  Guide  Specification  (FCGS)  15705  was  published,  but 
has  only  been  used  for  construction  since  about  1981.  FCGS  15705  establishes 
criteria  based  on  the  systems  approach  of  procuring  underground  heat  distribu¬ 
tion  systems  and  establishes  relaxed  site  classification  criteria;  however, 
the  basic  technical  concepts  have  remained  essentially  the  same  since  the 
development  of  the  Tri-Service  Specifications. 

The  objective  of  this  investigation  was  to  evaluate  the  physical  condi¬ 
tion  of  systems  built  according  to  the  Tri-Service  Specifications  and  to  rec¬ 
ommend  changes  in  the  present  guidance  as  required.  The  decision  to  perform 
this  study  was  prompted  by  allegations  from  field  installations  of  high  energy 
losses  in  their  systems  and  the  fact  that  no  investigation  to  date  has 
addressed  the  performance  of  underground  heat  distribution  systems  built 
according  to  the  Tri-Service  Specifications. 

The  objectives  were  met  by  conducting  field  surveys  at  eight  Department 
of  Defense  (DOD)  installations  where  system  users  stated  that  they  had  prob¬ 
lems  associated  with  prefabricated  conduit  systems.  It  was  initially  intended 
that  only  the  prefabricated  conduit  systems  that  complied  with  the  Tri-Service 
Specifications  be  inspected.  However,  the  investigation  was  expanded  to 
include  other  systems,  because  their  proximity  to  the  prefabricated  conduit 
systems  allowed  useful  information  to  be  gathered.  The  other  systems  included 
above-ground  insulating  concrete,  shallow  concrete  trench,  buried  concrete 
trench,  insulating  powders  coated  with  stearic  acid,  clay  tile,  and  fiberglass 
reinforced  plastic  (FRP)  systems.  A  total  of  66  sites  at  the  eight  installa¬ 
tions  were  surveyed  and  analyzed. 

The  results  of  this  investigation  were: 

1.  Specific  problems  with  prefabricated  steel  conduit  systems  were 
observed  and  discussed. 

2.  Problems  with  the  prefabricated  steel  conduit  systems  were  attributed 
to  deficiencies  in  design,  construction,  and  maintenance  of  the  systems. 

3.  Deficiencies  in  following  established  guidance  contributed  to  prob¬ 
lems  with  conduit  systems. 

4.  A  need  exists  for  additional  guidance  for  the  design,  construction, 
and  maintenance  of  conduit  systems. 


‘vThese  specifications  for  the  Army,  Navy,  and  Air  Force  are  CE-301.21,  TS- 
P28g,  and  Air  Force  Pamphlet  No.  88-007-1,  respectively. 


The  major  findings  are  summarized  below. 


Evaluation  of  System  Performance 

Type  A  prefabricated  conduit  systems  were  found  to  be  satisfactory  on 
Class  A  sites  when  installed  in  strict  compliance  with  criteria.  About  half 
the  systems  observed  had  significant  problems  which  could  be  attributed  to 
design  or  construction  deficiencies.  The  problems  were  compounded  by  failures 
to  perform  preventive  maintenance  and  to  take  corrective  actions  when  problems 
occurred . 

Both  Type  A  and  Type  B  systems  were  found  to  perform  satisfactorily  on 
Class  B  sites.  Three  Type  B  shallow  concrete  trench  systems  were  found  to  be 
performing  satisfactorily  on  those  sites  classified  as  Class  A  by  CE-301.21 
and  as  Class  B  by  FCGS  15705.  Data  were  insufficient  to  assess  the  perfor¬ 
mance  of  shallow  concrete  trenches  on  sites  which  would  be  classified  as  Class 
A  according  to  both  FCCS  15705  and  CE-301.21. 

Insulating  powder  and  insulating  concrete  systems,  which  are  not  approved 
for  Class  A  or  Class  B  sites,  did  not  appear  to  perform  well.  Although  only  a 
few  systems  were  observed,  the  results  suggested  use  of  these  systems  should 
be  avoided. 

Half-round  clay  tile  systems,  which  were  not  approved  for  Class  A  or  B 
sites,  were  in  relatively  good  condition.  Since,  repair  of  problems  in  these 
systems  is  difficult,  the  use  of  these  systems  should  be  avoided. 

Above-ground  systems,  which  are  approved  for  any  type  of  site,  performed 
well.  These  systems  offer  many  advantages,  but  their  interference  with  aes¬ 
thetics  and  with  mobility  of  personnel  and  equipment  often  precludes  their 
use.  It  was  recommended  that  system  designs  that  do  not  interfere  with  aes¬ 
thetics  be  investigated. 


Site  Classification  System 

The  results  of  the  field  inspection  indicated  that  many  sites  classified 
as  Class  A  experience  high  water  infrequently  or  not  at  all.  Classification 
of  these  sites  as  Class  A  may  be  too  stringent  if  concrete  trench  systems  can 
perform  satisfactorily.  It  was  recommended  that  the  site  classification  cri¬ 
teria  be  reviewed  and  that  the  feasibility  be  investigated  of  allowing  con¬ 
crete  trench  systems  on  sites  which  are  submersed  infrequently. 


Prefabricated  Conduit  System  Components 

The  conclusions  and  recommendations  for  the  components  of  the  prefabri¬ 
cated  steel  conduit  systems  are  compiled  according  to  the  severity  of  defi¬ 
ciencies  observed  and  the  causes  of  the  de t i c venc i es . 


The  Tri-Service  guidance  was  found  to  be  valid  and  there  were  no  recom¬ 
mendations  for  changes  in  the  areas  of: 

L.  Conduit  exterior  coating 

2.  Conduit  interior 

3.  Pipe  supports 

4.  Calcium  silicate  insulation 

5.  Supply  pipe  exterior 

6.  Waterproofing  of  manhole  waLls. 

The  Tri-Service  Specifications  were  found  to  be  valid  in  the  following 
areas,  but  failure  to  follow  established  guidance  was  causing  serious  problems 
in  carrying  out  the  intent  of  the  specifications: 

1.  Backfill 

2.  Sump  pumps 

3.  Manhole  drainage 

4.  Manhole  ventilation 

5.  Conduit  drains 
.  Conduit  vents 

7.  Leak  detection  and  identification  of  type  of  leak. 

The  Tri-Service  Specifications  were  found  to  be  deficient  in  that  they 
did  not  provide  for: 


1.  Required  cathodic 
ohm/cm^ 


protection  for  soils  with  resistivity  below  10,000 


2.  Insulation  of  condensate  return  lines. 

3.  Preventive  maintenance  of  systems 

4.  The  effects  of  system  shutdown  on  performance 

5.  Leak  detection  and  location 

6.  System  slope 

7.  Manhole  design  accessibility  and  safety 

8.  Leaking  valves  in  manholes 

9.  Separation  of  chilled-water  PVC  piping  and  heat  distribution  piping 


_  • 


V 


10.  Coating  of  conduit  end  pLates 

11.  Sealing  of  manhole  walls  around  conduit  entry  to  manholes 

12.  Selection  of  tie-strap  materials. 

In  some  cases,  it  appeared  that  further  investigation  of  problems  and  possible 
solutions  was  necessary,  while  in  others,  the  problems  have  at  least  partially 
been  rectified  in  FCCS  15705  or  suggested  changes  to  existing  criteria  were 
made. 
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Background 

Department  of  Defense  (DOD)  installations  are  major  users  of  underground 
heat  distribution  systems.  DOD  maintains  about  6000  miles  of  steam  and  high- 
temperature  hot-water  Lines,  most  of  which  are  underground.  The  1984  cost  of 
rebuilding  this  system  would  be  several  billion  doLlars. 

The  energy  selection  criteria  in  Army  Regulation  (AR)  420-49^  have 
encouraged  increased  use  of  coal-fired  centraL  plants  at  Army  installations. 
Centralized  heating  plants  offer  military  facilities  many  advantages  over 
decentralized  facilities,  including  the  capability  to  burn  coal  cleanly  and 
efficiently,  and  the  ability  to  remain  self-sufficient  in  the  event  of  energy 
shortages.  Such  plants  require  efficient  and  reliable  heat  distribution  sys¬ 
tems.  However,  because  of  their  size,  these  systems  have  an  inherent  potent¬ 
ial  for  large  energy  losses,  and  even  a  small  decrease  in  overall  efficiency 
can  waste  large  amounts  of  energy  and  naturaL  resources. 


In  the  late  1940s  and  earLy  1950s,  installation  of  underground  heat  dis¬ 
tribution  systems  increased,  and  the  unacceptable  failure  rates  of  the  systems 
began  to  attract  the  attention  of  construction  agencies.  In  1967,  the  Tri- 
Service  guide  specifications  for  underground  heat  distribution  systems  were 
developed  on  the  basis  of  a  series  of  studies  conducted  by  a  National  Academy 
of  Sciences  (NAS)  Federal  Construction  Council  (FCC)  Task  Force.  These  Tri- 
Service  Specifications  (U.S.  Army  Corps  of  Engineers  Guide  Specification  CE- 
301.21,^  (j.S.  Navy  Facilities  Engineering  Command  Specification  TS-P28g,  and 
Air  Force  Pamphlet  No.  88-007-1)  were  mandatory  for  their  respective  services, 
both  for  new  construction  and  for  maintaining  existing  systems.  The  specifi¬ 
cations  establish  criteria  for  design,  construction,  maintenance,  and  opera¬ 
tion  of  underground  heat  distribution  systems.  They  also  establish  require¬ 
ments  for  evaluating  the  systems  based  on  site  classification  criteria:  Class 
A  sites  are  defined  as  those  having  severe  water  table  problems,  and  Class  B 
sites  are  defined  as  those  having  no  problems  with  soil  moisture  or  water 
tables . 


Although  it  appeared  that  the  failure  rate  of  underground  heat  distribu¬ 
tion  systems  had  been  significantly  reduced  by  use  of  the  Tri-Service  Specifi¬ 
cations,  no  surveys  had  been  conducted  to  determine  whether  the  criteria  were 
effective  and  whether  the  recommended  guidance  was  being  followed. 


^Heating,  Energy  Selection  and  Fuel  Storage,  Distribution,  and  Dispensing 
Systems ,  AR  420-49  (Department  of  the  Army,  L8  November  1976). 

^Heat  Distribution  Systems  Outside  of  Buildings,  CE-301.21  (U.S.  Army  Corps 
of  Engineers,  April  1967). 


In  1969,  che  FCC  concluded  that  the  criteria  used  to  develop  the  Tri- 
Service  Specifications  needed  further  updating  because  they  appeared  to  be  too 
inflexible  and  prevented  the  development  of  new  types  of  systems.  This  led  to 
the  development  of  Federal  Construction  Guide  Specification  (FCGS)  15705  in 
1976.  The  requirements  for  Class  A  systems  ^mained  basically  the  same,  but 
the  site  classification  system  was  revised  to  introduce  a  systems  approach  for 
design  and  construction. 

Industry  resistance  and  unfamil iarity  with  new  test  procedures  precluded 
the  implementation  of  FCGS  15705  for  more  than  5  years.  As  a  result,  the  sys¬ 
tems  approach  and  new  site  classification  process  have  only  been  used  since 
1981.  It  appears  that  it  will  take  several  years  to  assess  the  performance  of 
systems  installed  under  FCGS  15705. 

In  1981,  the  present  study  was  undertaken  by  the  U.S.  Army  Construction 
Engineering  Research  Laboratory  (CERL)  at  OCE's  request  to: 

1.  Evaluate  the  effectiveness  of  the  1967  Tri-Service  Specifications  in 
providing  efficient  and  economical  heat  distribution  systems 

2.  Assess  whether  the  Tri-Service  Specifications  are  being  followed  and 
whether  nonconformance  is  leading  to  premature  failures 

3.  Recommend  changes  in  the  guidance  where  necessary. 

Objective 

The  objectives  of  this  investigation  were  to: 

1.  Inspect  and  evaluate  the  physical  condition  and  general  performance 
of  heat  distribution  systems  installed  in  compliance  with  the  1964  Military 
Tri-Service  Publication  and  the  1967  Tri-Service  Specifications,  as  well  as 
other  types  of  systems 

2.  Recommend  changes  to  the  criteria  and  new  guide  specifications  based 
on  the  results  of  the  field  inspections. 


Approach 

Seven  types  of  underground  heat  distribution  systems  were  inspected  at 
eight  DOD  facilities  by  teams  made  up  of  Army,  Navy,  and  Air  Force  personnel. 
The  facilities  were  selected  on  the  basis  of  problems  with  prefabricated  steel 
conduit  systems.  Although  only  the  study  of  prefabricated  steel  conduit  sys¬ 
tems  was  originally  planned,  the  study  was  Later  expanded  to  other  types  of 
systems  where  convenient,  because  of  the  usefulness  of  the  information  they 
could  provide. 


^Underground  Heat  Distribution  Systems  (Prefabricated  or  Pre-Engineered  Type), 
Federal  Construction  Guide  Specification  15705  (NAS-FCC,  April  1976). 
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The  teams  inspected  66  sites,  evaluating  them  in  terms  of  site  classifi¬ 
cation,  soil  types,  and  system  component  condition.  The  teams  evaluated  sys¬ 
tem  condition  based  on  energy  efficiency,  appraised  component  conditions,  and 
recommended  corrective  actions  where  problems  were  observed. 

The  data  were  compiled  and  used  to  evaluate  both  the  overall  performance 
of  the  systems  investigated  and  the  effectiveness  of  the  Tri-Service  Specifi¬ 
cations. 


t 

Mode  of  Technology  Transfer 

It  is  recommended  that  the  information  in  this  report  be  used  to  revise 
Federal  Construction  Guide  Specification  FCGS  15705,  Underground  Heat  Distri- 
,  bution  Systems  (Prefabricated  or  Pre-engineered  Type). 


2  DEVELOPMENT  OF  CRITERIA  FOR  UNDERGROUND  HEAT  DISTRIBUTION  SYSTEMS 


Underground  heat  distribution  systems  have  been  used  since  200  BC,  when 
the  Romans  used  fired-clay  piping  systems  to  distribute  warm  air  from  a  cen¬ 
tral  pLant  to  outLying  structures.  In  the  1910s  and  1920s,  there  was  an 
increase  in  the  use  of  underground  systems  for  distributing  steam,  but  this 
use  declined  in  the  1930s  and  1940s.  In  the  late  1940s  and  early  1950s,  the 
Federal  Government  began  large  construction  programs  to  build  airfields,  hos¬ 
pitals,  research  facilities,  and  office  buildings.  This  construction  was 
spread  over  large  areas  and  increased  the  number  of  underground  heat  distribu¬ 
tion  systems.  Central  plant  systems  were  chosen  because  they  were  more  eco¬ 
nomical  than  boilers  in  individual  buildings. 

However,  during  the  1940s  and  1950s,  as  more  underground  heat  distribu¬ 
tion  systems  were  being  installed,  their  failure  rates  began  to  attract  the 
attention  of  construction  agencies.  In  the  early  1950s,  Congressional  budget 
hearings  on  military  construction  projects  focused  their  attention  on  these 
problems.  Congress  then  mandated  OCE  with  investigating  the  underground  sys¬ 
tems  and  recommending  ways  to  reduce  the  large  repair  costs.  OCE's  prelimi¬ 
nary  investigation  showed  that: 

1.  There  were  no  government,  industry,  or  technical  standards  regarding 
heat  distribution  systems. 

2.  Although  many  companies  manufactured  and  installed  these  systems, 
there  was  no  technical  association  that  would  speak,  for  the  group  as  a  whole. 

3.  Other  government  agencies,  state  institutions,  and  private  users  were 
having  similar  problems  with  repairing  and  replacing  heat  distribution  sys¬ 
tems. 


4.  No  overall  evaluations  or  studies  of  these  systems  had  been  made. 

Because  of  this  lack  of  information,  OCE  recommended  a  state-of-the-art 
study  to  develop  technical  criteria  and  guide  specifications  that  would  insure 
the  improved  performance  of  heat  distribution  systems.  The  Building  Research 
Advisory  Board  (BRAB)  Task  Group  of  the  FCC  of  che  NAS  was  convened  to  carry 
out  this  recommendation.  The  task  group  encouraged  participation  of  industry 
and  other  governmental  agencies  in  the  study. 

The  first  BRAB-FCC  report  was  issued  in  1957.^  This  report  compiled  data 
from  a  survey  of  universities,  private  companies,  and  government  agencies 
which  produced  and  distributed  steam  and  hot  water  for  heating  purposes. 
Respondents  provided  information  on  11  different  types  of  systems  and  their 
performance  under  varying  soil  conditions. 


F.  A.  Govan,  "Purpose  of  Criteria  for  Underground  Heat  Distribution," 
Proceedings  of  a  Symposium  on  Underground  Heat  Distribution  Systems,  BRAB-FCC 
Symposium/Workshop  No.  3  (NAS,  BRAB-FCC,  1966),  pp  1-3. 

^Underground  Heat  Distribution  Systems,  Technical  Report  No.  30  (NAS,  BRAB- 
FCC,  1957). 


The  Cask  group  determined  that  the  major  problem  was  an  almost  complete 
lack  of  design  standards  for  underground  heat  distribution  systems.  Other 
deficient  areas  included: 

1.  None  of  the  conventional  insulating  materials  had  all  the  character¬ 
istics  required  for  underground  applications. 

2.  Information  about  the  behavior  of  waterproofing  and  insulating  mater¬ 
ials  at  the  temperatures  encountered  in  underground  heat  distribution  systems 
was  inadequate. 

3.  Daca  regarding  soil  moisture  conditions  around  heat  distribution  sys¬ 
tems  were  inadequate. 

4.  Installation  procedures  and  lack  of  adequate  inspection  often  contri¬ 
buted  to  system  failures. 

From  1958  to  1966,  the  task  force  prepared  eight  reports  and  revisions 
covering:  detailed  field  inspections  of  132  sites;  meetings  with  industry 

representatives;  evaluation  of  input  from  design  engineers  and  maintenance  and 
operating  personnel;  presentations  by  soils  engineers,  corrosion  experts,  and 
materials  specialists;  support  by  the  National  Bureau  of  Standards  in  prepar¬ 
ing  test  programs;  evaluation  of  data  from  field  offices,  design  agencies,  and 
users;  and  proceedings  of  a  symposium  on  underground  heat  distribution. 

The  task  force  found  that  the  underground  conduit  systems  failed  mainly 
because  of  the  deLeterious  effects  of  water  on  the  system  and  its  components. 
Susceptible  parts  of  the  system  were  exposed  to  water  because  of  improper  sys¬ 
tem  design,  materials,  construction,  inspection,  and  maintenance.  Field 
inspections  showed  a  strong  correlation  between  wet  and  moist  ground  condi¬ 
tions  and  system  failure  rates.  The  task  force  proposed  criteria  for  design¬ 
ing,  constructing,  and  maintaining  underground  heat  distribution  systems  which 
addressed  the  problems  of  water  intrusion.  The  recommendations  were  not  bind¬ 
ing  on  government  agencies,  but  were  generally  accepted  as  a  basis  for  prepar¬ 
ing  individual  guide  specifications  and  criteria. 

For  military  construction,  DOD  directed  that  a  Tri-Service  (Army,  Navy, 
Air  Force)  Committee  be  formed  to  prepare  design  specifications  and  criteria 
for  building  underground  heat  distribution  systems.  The  committee  used  the 


^Underground  Heat  Distribution  Systems  (Revised  and  Updated  to  1959),  Tech- 
ical  Report  No.  30R  (NAS,  BRAB-FCC,  1959);  Evaluation  of  Components  for 
Underground  Heat  Distribution  Systems,  Technical  Report  No.  39  (NAS,  BRAB- 
FCC,  1960);  Underground  Insulated  Piping  Systems  (Excluding  Walk-through 
Tunnels ) ,  Technical  Report  No.  27  (NAS,  BRAB-FCC,  1963);  Field  Investigations 
of  Underground  Heat  Distribution  Systems,  Technical  Report  No.  47  (NAS,  BRAB- 
FCC,  1963);  Underground  Heat  Distribution  Systems  (Second  Revision),  Tech- 
ical  Report  No.  30R-64  (NAS,  BRAB-FCC,  1964);  Evaluation  of  Components  for 
Underground  Heat  Distribution  Systems,  Technical  Report  No.  39-64  (NAS,  BRAB- 
FCC,  1964);  Supplementary  Field  Investigation  of  Underground  Heat  Distri¬ 
bution  Systems,  Technical  Report  No.  47S  (NAS,  BRAB-FCC,  1966);  Proceedings 
of  a  Symposium  on  Underground  Heat  Distribution  Systems,  BRAB-FCC  Symposium/ 
Workshop  Report  No.  3  (NAS,  BRAB-FCC,  1966). 
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findings  and  recommendations  of  the  BRAB-FCC  Task.  Force  to  develop  the  Mili¬ 
tary  Tri-Service  Publication  Procedures  for  Establishing  Acceptability  of 
Underground  Heat  Distribution  Systems,  and  the  Tri-Service  Guide  Specifica¬ 
tions  for  underground  heat  distribution  systems.  The  Tri-Service  Guide  Speci¬ 
fication  documents  (U.S.  Army  Corps  of  Engineers  Guide  Specification  CE- 
301.21,*  U.S.  Navy  Facilities  Engineering  Command  Specification  TS-P28g,  and 
Air  Force  Pamphlet  No.  88-007-1)  are  identical  except  for  paragraph  numbering 
and  internal  administrative  references.  Use  of  the  guide  specifications  and 
their  notes  was  mandatory  for  the  respective  services,  both  for  new  construc¬ 
tion  and  for  maintaining  existing  systems. 

The  Tri-Service  Committee  established  two  sets  of  criteria  for  under¬ 
ground  heat  distribution  systems:  one  for  systems  in  wet  conditions  (Class 
A),  and  one  for  systems  in  dry  conditions  (Class  B).  The  committee  adopted 
the  policy  of  using  a  qualified  products  List,  which  identified  products  that 
had  successfully  passed  certain  tests  and  were  approved  by  the  committee. 

With  the  cooperation  of  the  National  Bureau  of  Standards,  detailed  test  pro¬ 
cedures  were  produced  for  Type  A  and  Type  B  systems.  Manufacturers  could  have 
their  products  tested  by  an  independent  Laboratory.  Upon  approval  by  the  com¬ 
mittee,  the  manufacturers  were  given  a  Letter  of  acceptability,  which  made  the 
manufacturer's  brochure  an  integral  part  of  the  contract  documents.  The  guide 
specification  to  which  the  letter  of  acceptabi 1 i t y  applied  was  broad  in 
nature;  it  included  prefabricated  conduits  and  above-ground  systems  for  Class 
A  sites  and  concrete  trenches  for  Class  B  sites.  The  Tri-Service  Guide  Spe¬ 
cifications  addressed  site  classification,  soil  corrosivity,  materials  and 
system  watertightness,  and  system  design,  construction,  and  inspection. 
Appendix  A  summarizes  the  major  provisions  of  the  Tri-Service  Specifications, 
including  the  site  classification  system. 

Since  the  military  was  the  greatest  single  user  of  heat  distribution  sys¬ 
tems,  the  Tri-Service  Specifications  had  a  tremendous  impact  on  the  industry. 
Many  manufacturers  could  not  pass  the  tests  or  were  unwilling  to  try,  and 
eventually  dropped  out  of  the  business.  These  included  the  manufacturers  of 
insulating  concrete,  full-  and  half-round  tiles,  and  loose-fill  insulating 
powder  systems.  Only  a  few  manufacturers  received  approvaL;  these  companies 
produced  the  pressure-testable  conduit  type  which  dominated  the  market  there¬ 
after. 


In  the  years  that  followed  the  initial  publication  of  the  Tri-Service 
Guide  Specifications,  there  were  indications  that  the  number  of  short-term 
requests  for  replacing  underground  heat  distribution  systems  was  declining. 

The  performance  of  systems  complying  with  the  Tri-Service  Cuide  Specifications 


*CE-301.21  will  be  used  in  this  report  to  reference  the  Tri-Service  Guide  • 

Specifications  (TS-P28g,  AF  Pamphlet  No.  88-007-1,  and  CE-301.21)  and  Mili¬ 
tary  Tri-Service  Procedures  for  Establishing  Acceptability  of  Underground 
Heat-Distribution  Conduit  Systems  (1  July  1964). 


wa9  not  investigated,  and  the  extent  to  which  the  three  services  were  comply¬ 
ing  with  the  existing  guidance  was  not  evaluated.  According  to  an  FCC  report: 


In  1969,  however,  the  FCC  concluded  that  further  updating  of  the  cri¬ 
teria  was  in  order  because  the  criteria  appeared  to  be  too  inflexible- 
-requiring  in  some  cases  the  installation  of  an  unnecessarily  expen¬ 
sive  system  and  precluding  in  other  cases  the  use  of  a  system  with 
essential  special  features — and  were  not  applicable  to  several  new 
promising  system  concepts.  The  FCC  therefore  requested  its  Standing 
Committee  on  Mechanical  Engineering  to  review  and  revise,  as  appro¬ 
priate,  the  underground  heat  distribution  system  criteria  presented  in 
FCC  Technical  Reports  Nos.  30R-64  and  39-64. 

The  review  and  revision  of  FCC  Technical  Reports  Nos.  30R-64  and  39-64 
resulted  in  the  development  of  FCC  Technical  Report  No.  66  in  1975.  The 
report's  recommendations  include  the  use  of  a  systems  approach  to  design  and 
construction  and  the  expansion  of  the  site  classification  system  to  four  cate¬ 
gories  to  allow  for  new  concepts,  with  the  requirements  for  Class  A  systems 
remaining  essentially  the  same.  The  recommendations  were  incorporated  into 
Federal  Construction  Guide  Specification  (FCGS)  15705  in  1976.  Appendix  A 
summarizes  the  major  provisions  of  FCGS  15705  and  its  site  classification  sys¬ 
tem. 


^Criteria  for  Underground  Heat  Distribution  Systems,  Technical  Report  No.  66 
rNAS,  BRAB-FCC,  1975). 


3  GENERAL  APPROACH  AND  METHODOLOCV 


The  investigation  team  selected  the  installations  and  specific  sites  to  be 
included  in  the  inspection.  Data  from  the  inspectors'  observations  were  col¬ 
lected  and  evaluated.  The  investigation  process  can  be  categorized  into  three 
steps:  (1)  selection  of  location  and  site,  (2)  inspection,  and  (3)  evalua¬ 

tion. 


Selection  of  Location  and  Site 

The  eight  installations  studied  were  selected  because  of  problems  asso¬ 
ciated  with  prefabricated  steel  conduit  systems,  the  type  of  heat  distribution 
systems,  and  the  height  of  the  water  table.  Of  these,  the  primary  criterion 
was  the  existence  of  prefabricated  steel  conduit  system  problems.  The  specif¬ 
ic  inspection  sites  within  each  installation  were  selected  by  participating 
team  members  using  information  from  maps  of  the  heat  distribution  systems  and 
suggestions  of  base  personnel. 

Inspection 

Initial  information  and  data  were  collected  through  interviews  with  in¬ 
stallation  personnel  responsible  for  operating  and  maintaining  the  systems. 

The  installation's  maps  of  the  heat  distribution  system  and  engineering  draw¬ 
ings  of  the  system  were  also  studied. 

The  site  inspections  covered  not  only  the  specific  site,  but  also  adja¬ 
cent  manholes  and/or  system  entries  to  buildings.  Soil  was  excavated  at  each 
site  to  expose  the  conduit.  An  opening  about  10  by  12  in.  was  cut  in  the  con¬ 
duit  with  an  oxyacetylene  torch  to  help  evaluate  the  heat  supply  and/or  the 
return  lines;  the  lines  were  usually  in  operation.  Table  1  lists  the  informa¬ 
tion  gathered  at  each  site  and  notes  system-specific  information.  The  format 
of  Table  1  has  been  used  to  present  the  field  investigation  results  given  in 
Appendices  B  through  I. 

Evaluation  of  System  Performance 

The  condition  of  the  heat  distribution  system  observed  at  each  site  was 
empirically  evaluated  based  on  the  system's  ability  to  distribute  heat  effi¬ 
ciently.  Although  thermal  loss  data  is  not  available  for  many  deficiencies, 
the  effect  of  a  particular  problem  on  energy  efficiency  can  be  assessed.  For 
example,  the  thermal  conductivity  of  water  is  much  greater  than  that  of  air  or 
calcium  silicate  insulation;  therefore,  a  flooded  conduit  or  manhole  would 
have  a  serious  effect  on  a  system's  energy  transmission  efficiency. 

The  condition  of  a  particular  system  was  assessed  by  summarizing  the 
resuits  of  the  field  investigations  in  tabular  form,  noting  serious  deficien¬ 
cies  in  the  system  components.  Systems  were  evaluated  as  efficient  (. A )  *i- 

cient  with  minor  problems  (B),  not  efficient  —  repair  (C),  and  not  etti-  - 

replace  (D),  based  on  the  extent  to  which  the  deficiencies  observed  af 1  • 
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Table  1 

Data  Gathered  During  Field  Inspection  of 
Underground  Heat  Distribution  Systems* 


1.  Location 

2.  Date  of  Inspection 

3.  Date  of  System  Installation 

4.  System  Description  and  History 

5.  Excavation  Characteristics 

a.  Soil  condition 

b.  Evidence  of  heat  loss 

c.  Depth  of  burial 

d.  Backfill 

6.  Adjacent  Manhole  or  Building  Entry 

a.  Manhole  condition 

b.  System  penetration 

7.  Conduit  (C  =  prefabricated  conduit  system) 

a.  Conduit  temperature 

b.  Conduit  coating 

c.  Exterior  surface  of  conduit 

d.  Interior  surface  of  conduit 

e.  Inside  of  exposed  conduit 

f.  Other  features 

Tile  (H  =  half-round  clay  tile  system) 

a.  Tile  and  concrete  pads 

b.  Waterproof  joints 

c.  Inside  of  exposed  area 

d.  Other  features 

Trench  (B  *  burled  concrete  trench  system;  S  =  shallow  surface  trench 
system) 

a.  Concrete  portion 

b.  Joint  area 

c.  Inside  of  exposed  area 

d.  Other  features 

8.  Thermal  Insulation 

a.  Insulation  material 

b.  Tie-strap 

c.  Surface  temperature  of  Insulation 

9.  Heat-Carrying  Pipe 

a.  Supply  pipe  exterior 

b.  Return  pipe  exterior 


*The  results  of  the  site  surveys  are  presented  in  Appendices  B  through  I 


9 


Che  system's  efficiency.  Table  2  lists  the  components  used  to  evaluate  system 
performance . 

Systems  were  classified  as  "efficient"  when  there  were  no  significant 
problems  that  affected  heat  transmission  or  system  accessibility.  Systems 
were  classified  as  "efficient  with  minor  problems"  when  problems  did  not  have 
a  large  effect  on  efficiency.  For  example,  efficient  systems  with  minor  prob¬ 
lems  include  those  with  such  deficiencies  as: 

1.  Lack  of  easy  access  to  the  manhole  components 

2.  Small  amounts  of  water  in  the  manhole 

3.  Manhole  ventiLation  problems 

4.  Corrosion  of  manhole  components 

5.  Degradation  of  conduit  coating 

6.  Minor  exterior  corrosion  of  the  conduit  which  will  not  prevent  the 
system  from  performing  efficiently. 

Once  the  deficiencies  become  serious  enough  to  hinder  efficiency,  the 
system  must  be  replaced  or  repaired.  Systems  were  classified  as  "not  effi¬ 
cient — repair"  if  they  could  be  returned  almost  to  their  original  thermal 
efficiency  through  cost-effective  actions.  Examples  of  repairable  problems 
are: 


1.  Loss  in  efficiency  because  of  water  entering  the  system  from  flooded 
manholes  due  to  corroded  end  plates,  missing  drain  plugs,  leaking  valves,  or 
open  vent 

2.  Flooding  of  manholes 

3.  Isolated  leaks  in  the  conduit  or  carrier  lines 

4.  Isolated  weld  failures  in  heat-carrying  pipes 

5.  Accidental  puncture  or  weld  opening  in  casing 

6.  Damage  of  the  insulation  within  a  manhole. 

Systems  were  classified  as  "no"  ef f icient--replace"  when  the  cost  of 
repair  would  exceed  the  cost  ot  replacement.  Some  examples  of  such  a  system 
include  those  with: 

1.  General  corrosion  ot  the  heat-carrying  pipe 

2.  Heavy  corrosion  and  deterioration  of  the  conduit  throughout  the  sys¬ 
tem 


3.  Disintegration  of  large  amounts  of  insulation  within  the  conduit, 
causing  large  energy  losses. 


Table  2 


Component  Deficiencies  Used  To  Evaluate  the  Overall 
Condition  of  Heat  Distribution  Systems 


Manhole  Conduit  Insulation  System  Carrier  Pipe 

Deficiencies  Def lclencles  Deficiencies  Deficiencies 

Inaccessibility  Coating  failure  Wet  insulation  Carrier  pipe 

corrosion 

Water  in  manhole  Exterior  corrosion  Insulation  not 

intact 

Conduit  flooding  Interior  corrosion 

Inadequate  vent¬ 
ilation 

Severe  corrosion 
of  components 


£{  DESCRIPTION  OF  HEAT  DISTRIBUTION  SYSTEMS  INVESTIGATED 


Table  3  shows  the  heat  distribution  systems  investigated  and  some  of  their 
identifying  features. 


Prefabricated  Steel  Conduit  System 

The  steel  conduit  system  consists  of  prefabricated  sections  of  heat¬ 
carrying  pipe,  insulation,  and  conduit  which  are  welded  in  the  field.  Figure 
1  is  a  diagram  of  a  typical  cross  section  and  field  joint  of  the  steel  conduit 
system.  Each  prefabricated  section  has  a  steel  conduit  (smooth  or  corrugated) 
containing  a  heat-carrying  pipe.  The  carrier  pipe  is  usually  insulated  with 
preformed  calcium  silicate  or  mineral  wool  insulation.  The  preformed  insula¬ 
tion  is  secured  with  stainless  steel  tie  straps,  and  the  supports  for  the  pipe 
are  either  steel  or  insulating  block.  An  annular  air  space  (1  in.  minimum)  is 
required  between  the  insulation's  surface  and  the  interior  of  the  conduit. 

The  exterior  of  the  conduit  is  coated  with  mastic  waterproofing  material.  The 
waterproofing  is  a  sandwich  construction  consisting  of  a  steel/mastic/f iber- 
glass/mastic/roof ing  paper  (or  felt)  arrangement.  At  the  entry  of  the  system 
to  a  manhole  or  building,  an  end  plate  is  welded  onto  the  conduit  to  prevent 
entry  of  water.  Vent  and  drain  openings  are  provided  in  the  conduit  at  system 
entries  to  manholes  and  buildings. 

Prefabricated  steel  conduit  systems  fall  into  two  categories:  those  with 
separate  conduits  for  supply  and  return  lines  (C-l),  and  those  with  the  supply 
and  return  lines  contained  in  the  same  conduit  (C-2). 

Prefabricated  steel  conduit  systems  of  the  C-l  type  are  allowed  on  Class 
A  sites  as  defined  in  CE-301.21  (1967).  The  C-2  type  of  system  is  not  allowed 
because  relatively  frequent  failures  of  condensate  return  lines  have  resulted 
in  premature  failure  of  both  the  steam-carrying  lines  that  are  contained  in 
the  same  conduit  and  of  the  conduit. 


Above-Ground  System 

The  above-ground  system  (A)  consists  of  a  heat  distribution  system  ele¬ 
vated  above  the  ground  on  supports.  Pipes  are  insulated  with  calcium  silicate 
and  covered  with  aluminum  jackets.  This  system  is  allowed  on  any  type  of 
site.  Its  advantages  include: 

1.  Low  initial  cost 

2.  Easy  maintenance 

3.  Long  life. 

Disadvantages  include: 

1.  Obstruction  of  the  natural  beauty  of  an  installation 


Table  3 


Heat  Distribution  Systems  Investigated 


Major  Name  of  Major 

System  Subsystem  System  Subsystem  Description 


I 


t 

k 


I 


I 


I 


C 


A 

B 


F 


H 

P 

S 


Z 


M 


Prefabricated  Steel 
C-l  Conduit 

C-2 


Separate  conduit  for  supply 
and  return  lines 
Supply  and  return  lines  in 
one  conduit 


B-S 

B-C 


F-C 

Cl-FR 


S-U 

S-R 


Above  Ground 


Buried  Concrete  Trench 

Removable  top  slab 

Top  slab  cast  in  place 

Fiberglass  Reinforced 
Plastic  (FRP) 

FRP  conduit  with  steel 
carrier  pipes 

FRP  condensate  return  line  (high- 
temperature  line  is  made  of  con¬ 
ventional  prefabricated  steel 
conduit  construction). 


Half-Round  Clay  Tile 
System 

Insulating  Powder 


Shallow  Concrete  Surface 
Trench 

Piping  supported  by  U-bolts 
Piping  supported  by  steel  roller  or 
guide  on  trench  floor 

Insulating  Concrete 


Combination  of  Walk- 
Through  Tunnel  and 
Conduit  System 


I 
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Conduit 


or  Smooth 


Insulation  y 

Reinforcing 

Insulation 

7  / 

Collar  - v 

Conduit -v 

Drain  Space 


Typical  Cross  Section 


Joint  Sleeve- 


Typical  Field  Joint 


Figure  1.  The  prefabricated  steel  conduit  system. 

2.  Restriction  of  mobility  of  personnel  and  equipment  on  the  installa- 


3.  Susceptibility  to  damage  by  high  winds,  cold  weather,  or  atmospheric 
corrosion 

4.  Vulnerability  to  sabotage  from  the  air  and  ground. 

Insulating  Powder  System 

The  insuLating  powder  system  (P)  uses  the  insulating  and  hydrophobic  pro¬ 
perties  of  insulating  powders  (usuaLiy  calcium  carbonate)  whose  individual 
particles  are  coated  with  stearic  acid  to  insulate  and  protect  the  pipes.  The 
thermal  conductivity  of  the  coated  powders  is  about  twice  that  of  conventional 
calcium  silicate  insulation.  Even  though  the  initial  cost  of  this  system  is 
low,  it  is  not  allowed  for  new  construction,  because  it  has  not  performed  sat¬ 
isfactorily  over  long  periods  of  time  due  to  the  chemical  reaction  of  the  in¬ 
sulating  powder  with  its  environment  at  elevated  temperatures. 


Shallow  Concrete  Surface  Trench  System 


Shallow  concrete  surface  trench  systems  have  carrier  and  return  lines  and 
associated  insulation  placed  into  a  concrete  trench  with  removable  concrete 
top  slabs.  The  two  types  of  trench  systems  observed  were  those  with  the  pip¬ 
ing  supported  by  U-bolts  (S-U)  and  those  with  piping  resting  on  steel  rollers 
or  guides  supported  by  the  trench  floors  (S-R).  Figures  2  and  3  show  the  S-U 
and  S-R  systems,  respectively.  Neoprene,  polyurethane,  or  cement  mortar  is 
used  as  waterproofing  material  between  the  top  and  side  slabs.  The  top  slab 
can  be  used  as  a  sidewalk  and  lifted  off  for  repair  operations. 


The  shallow  trench,  which  is  approved  tor  Class  B  sites,  is  not  addressed 
in  CE-301.21.  However,  as  the  criteria  for  Class  B  sites  have  been  revised, 
recent  guidance  (FCGS  15705)  has  allowed  for  installation  of  shallow  trenches 
on  sites  with  higher  water  tables.  (Appendix  A  describes  the  site  classifica¬ 
tion  systems  of  CE-301.21  and  FCGS  15705.) 

Some  advantages  of  this  system  are: 

1.  Deep  excavations  are  normally  not  required 

2.  Maintenance  and  repair  of  lines  are  simplified  because  leaks  are  easy 
to  find 

3.  The  system  can  be  serviced  with  equipment  and  supplies  available  at 
the  installation. 

Disadvantages  of  the  shallow  trench  system  include: 

1.  Water  can  permeate  through  concrete 

2.  There  are  many  joints  which  must  be  aligned  and  sealed 

3.  The  system  can  interfere  with  the  aesthetics  of  an  area 

A.  The  system  depends  on  proper  trench  slope  and  manhole  drainage  to 
prevent  accumulation  of  water  along  heat  distribution  lines. 

Buried  Concrete  Trench  System 

The  buried  concrete  trench  system  is  similar  to  the  surface  concrete 
trench  system  except  that  it  is  entirely  buried.  Figure  A  shows  a  diagram  of 
the  system.  Two  types  of  buried  concrete  trench  systems  having  different  top 
slab  construction  were  investigated.  One  system  (B-S)  had  a  removable  top 
slab,  and  the  other  (B-C)  was  a  monolith  with  the  top  slab  cast  in  place. 

The  buried  concrete  trench  is  approved  as  a  Class  B  system.  It  has  the 
advantage  over  the  shallow  surface  trench  of  not  interfering  with  aesthetics; 
however,  its  repairabil ity  is  seriously  hampered  by  the  excavation  needed  to 
reach  the  heat-carrying  lines. 

Fiberglass  Reinforced  Plastic  (FRP)  System 

The  FRP  conduit  system  is  similar  to  the  steel  conduit  system  (Figure  1) 
except  that  some  of  its  components  are  made  of  FRP.  For  example,  these  sys¬ 
tems  use  FRP  as  a  conduit  material,  with  the  steel  carrier  and  return  lines 
arranged  in  common  or  separate  conduits  (F-C);  CE-301.21  and  FCGS  15705  pro¬ 
hibit  placement  of  steam  and  condensate  return  lines  in  a  common  conduit. 

The  FRP  condensate  return  system  uses  conventional  steel  conduit  steam 
lines  and  FRP  condensate  return  lines  which  may  be  buried  directly  (C-FR). 

FRP  conduit  systems  were  not  included  in  the  1967  specification  (CE-301.21), 
but  one  system  is  now  approved  for  Class  A  sites. 


The  use  of  plastic  instead  of  metal  has  the  obvious  advantage  of  avoiding 
corrosion.  However,  f ield- joining  of  FRP  parts  is  complicated  by  the  need  for 
clean  surfaces  and  the  occasional  requirement  of  auxiliary  heat.  These  sys¬ 
tems  can  be  easily  damaged  in  service  by  high  temperatures  or  live  steam  and 
can  be  degraded  by  the  environment. 

Half-Round  Clay  Tile  System 

Figure  5  is  a  diagram  of  the  half-round  clay  tile  system  (H),  in  which 
the  half-round  clay  tile  is  laid  on  top  of  a  concrete  slab.  The  system  is  in¬ 
stalled  by  pouring  a  continuous  slab  of  concrete  for  a  base,  mounting  the 
pipes  on  rollers  and  anchors  supported  by  the  base,  and  sealing  the  half-round 
bell  and  the  spigot  type  of  clay  tile  section  to  the  base.  The  cavity  between 
the  pipe  and  the  clay  tile  is  filled  with  spun  glass  or  mineral  wool  insula¬ 
tion.  Each  tile  is  installed  in  this  manner.  Repair  is  difficult,  but  can  be 
done  by  local  workers  with  readiLy  available  materials.  This  system  was  not 
included  in  the  1967  specification  (CE-301.21)  and  is  not  used  for  new  con¬ 
struction. 


Insulating  Concrete  System 

Figure  6  is  a  diagram  of  the  insulating  concrete  system  (Z),  a  light¬ 
weight  insulation  made  of  portland  cement  and  vermiculite  or  perlite  powder. 
The  insulating  concrete  is  mixed  in  the  field  and  poured  around  the  pipes. 

The  system  is  waterproofed  with  about  a  0.25-in.  layer  of  bituminous  material 
and  can  be  strengthened  with  steel  wire  mesh  beneath  the  bituminous  coating. 

The  insulating  concrete  system  is  considered  unacceptable  for  military 
construction.  Field  inspections  in  the  early  1960s  showed  that  it  suffers 
from  an  extremely  high  failure  rate.  Many  design  variations  were  attempted  by 
manufacturers  at  that  time,  but  none  were  found  to  be  effective.  The  major 
disadvantage  of  this  system  is  that  it  cannot  be  kept  dry  in  the  field;  the 
dryness  of  the  system  depends  on  the  dryness  of  the  membrane.  Furthermore, 
excess  water  from  the  cement  curing  process  can  be  entrapped  if  the  system  is 
sealed  before  curing  is  complete. 


I 


Figure  6.  The  insulating  concrete  system 


5  RESULTS  AND  DISCUSSION  OF  FIELD  INVESTIGATIONS 

Appendices  B  through  I  provide  detailed  results  of  the  field  investiga¬ 
tions  ac  the  eight  military  installations.  Appendix  J  presents  the  results  of 
an  additional  survey  conducted  at  Crand  Forks  AFB,  ND,  to  determine  water 
table  levels,  soiL  types,  and  soil  resistivities. 

Table  A  summarizes  the  results  of  the  field  investigations,  showing  the 
location,  site  number,  system  age,  site  classification  (according  to 
CE-301 . 2 1 ) ,*  system  type,  component  deficiencies,  and  condition  of  the  system. 
The  "X's"  in  the  table  indicate  serious  deficiencies  observed  in  the  compo¬ 
nents. 

Site  Classification  System 

There  was  evidence  of  manhole  flooding  at  many  Class  A  sites;  this  was 
not  necessarily  the  result  of  a  high  water  table.  During  the  inspection,  the 
water  table  was  above  the  invert  of  the  pipe  at  only  two  sites.  Obviously, 
this  is  a  seasonal  effect,  but  in  many  cases,  there  was  no  evidence  of  any 
previous  high  water  table.  The  current  classification  process  can  result  in  a 
Class  A  designation  for  sites  which  will  experience  high  water  infrequently  or 
not  at  all.  For  example,  some  buried  heat  distribution  systems  may  be  sub¬ 
mersed  only  briefly  during  spring  and  fall  flooding,  or  once  every  5  to  10 
years  when  severe  flooding  occurs.  Therefore,  investigating  the  feasibility 
of  allowing  shallow  trench  systems  on  sites  which  are  submersed  infrequently 
appears  to  be  appropriate. 

Prefabricated  Steel  Conduit  System 

Prefabricated  steel  conduit  systems  were  observed  at  the  eight  installa¬ 
tions  investigated.  Table  5  summarizes  problems  observed  with  these  systems 
by  component  and  subcomponent. 

The  field  investigation  revealed  that  deficiencies  in  the  underground 
heat  distribution  systems  could  be  attributed  to  problems  related  to  water  in¬ 
trusion,  corrosion,  and/or  mechanical  stress.  In  addition,  many  of  the  system 
operators  were  not  familiar  with  the  concept  of  pressure-testable,  drainable, 
and  dryable  systems  and  the  procedures  required  for  proper  maintenance  and 
repair.  Design  and  construction  deficiencies  also  contributed  to  premature 
problems . 


'•'rNote  that  for  the  systems  at  Grand  Forks  AFB  the  site  classifications  are 
given  according  to  both  1967  and  1976  guidance. 
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Table  5 


Component 

Investigated 

Excavation 


Manholes  and 
System  Entries 
to  Buildings 


Compilation  of  Problems  Observed  in  Prefabicated 
Steel  Conduit  Systems 


Subcomponent  Problems  Observed 

Investigated  (Location  Number  -  Site  Number) _ 

Evidence  of  Steaming  at  window  (Ll-2,  L4-1,  L6-3,  L6-5,  L7-l,7) 

Heat  Loss  Burned  grass  above  conduit  (Ll-9,  L6-5,  L7-7) 

Hot  ground  (L3-6,  7,  11,  L6-5) 

Snow  melting  above  line  (L5-1,  L5-6) 


Backfill 

No  selected  backfilling  used;  debris  and  junk 
materials  found  around  conduit  (L6-l,2) 

No  selected  backfilling  (Ll-1,  L6-3,4,5) 


Slope  of  System  System  improperly  sloped  (L6-1,  3,  L8-8) 

Accessibility  No  access  ladder  (Ll-1,  L8-1) 

Access  ladder  rungs  severely  corroded  (Ll-2) 
Manhole  too  hot  to  allow  access  (Ll-9) 

Access  hole  too  small  (L4-l,2,3,  L6-1) 

Piping  interfered  with  access  (L6-1.4) 
Manhole  not  accessible  (L6-2,3,5) 

Poor  ladder  design  (L8-3) 


Piping  and 
components 


Piping  and  components  severely  corroded  (Ll-2, 

4, 6, 7, 9,  L3-10,  L4-3,  L5-1.2,  L7-1,  L8-1.8.9) 
Insulation  missing  (Ll-2, 7,9,  L3-10,  L4-l,3,  L8-l,3) 
Leaking  valve  packing  or  joint  (L3-7 ,  L4-3,  L5-l,6) 
Insulation  deteriorated  (Ll-4,7,  L7-1) 

Insulation  damaged  by  people  stepping  on  it  (L6-3, 


L7-1 ) 


Drainage 

Water  present  in  manhole  (Ll-1, 2, 4, 6, 8,  L3-7,10, 
L4-2,3,  L5-2, 5,  L6-l,3,4,5,  L7-1,  L8-1.3) 

Water  marks  in  manhole  (Ll-1 , 6 , 7 , 8 , 10,  L3-5,10, 
L4-1 ,  L7— 7 ) 

No  sump  pump  (Ll-2, 10,  L3-11,  L6-l,3,4,  L8-1) 
Sump  pump  inoperative  (Ll-4,  L3-5,  L3-10) 

No  drain  (Ll-9, 10) 

Mud  entry  (L2-2,  L6-l,4,  L8-8) 

Improper  drainage  or  plugged  drain  (L3-10,  L7-1) 


Table  5  (Cont'd) 


Component 

Investigated 


Subcomponent 

Investigated 


Problems  Observed 
(Location  Number  -  Site  Number) 


Condition  of 
Adjacent 
Manhole  or 
Entry 


Ventilation  Ventilation  not  provided  (Ll-2,4,9, 10,  L5-l,5,6) 

Raised  plate — water  intrusion  (L5-2,7) 

Not  effective  (L6-l,3,  L7-1) 

Manhole  No  or  insufficient  exterior  waterproofing  (Ll-2,9) 

Structure  Open  grating — water  intrusion  (L3-5 , 7 , 10, 1 1 ) 

Top  of  manhole  at  grade  level — water  intrusion  (L3-1, 
10,  Building  L6-1) 

Cover  not  properly  sealed  (L4-2,  L5-5) 

Cover  too  thin  (L5-1,  L6-3) 

Raised  plate  cover  -  water  intrusion  (L5-2,7) 

Improper  waterproofing  material  (Ll-6,10,  L8-3) 

Top  of  manhole  at  grade  -  water  intrusion  (L6-1) 

Accessibility  Not  accessible  due  to  flooding  (Ll-1,2,4,6,8, 

for  Maintenance  L3-7,  10,  L4-2,3,  L5-2,5,  L6-l,3,4,5,  L7-1,  L8-l,2,3) 

and  Inspection  Congestion  at  end  plate  area  (Ll-1,  L6-l,3,4) 

Manhole  too  hot  to  allow  access  ( L 1 — 9 ) 


Penetration  of 
the  Heat 
Distribution 
Systems  Into 
Manholes  and 
Building 
Entries 


End  Plate 
Coating 


Conduit  Drain 
Opening 


Vent  Pipe 


Coating  deteriorated;  end  plate  severely 
corroded  (Ll-6,  L3-11,  L6-l,3,  L7-l,7,  L8-l,3,6,8) 
Coating  deteriorated;  end  plate  severely  corroded 
System  allowing  water  intrusion  (Ll-2 ,4,6 ,9 , 10 , 
L3-10) 

Minimal  coating,  end  plate  rusted  (L3-5,  L3-7, 

L4-1 , 3  L6-4) 

End  plate  in  silt  (L6-2) 

Opening  not  located  (Ll-1,  L3-10,  L5-l,6,  L6-2) 

Drain  plug  missing  (Ll-10,  L3-7,ll,  L5-5,7, 

L6-3 ,  L7-1,  L8-1) 

Water  flowed  out  of  conduit  of  the  plug  (L4-1,  L6-4) 
Rust  in  the  bottom  of  the  conduit  (L5-2) 

Water  dripping  from  opening  (L5-7,  L7-7) 

Plug  rusted  tight  (L6-1,  L8-8) 

Port  never  opened  (L6-5) 

Port  installed  90°  off  (L7-7) 

Opening  too  close  to  bottom  of  manhole  (L8-1) 

Pipe  connected  to  bottom  of  conduit  (Ll-1) 

No  vent  pipe  (Ll-4,6,8, 10,  L3-10,  L5— 1,6) 

Vent  plugged  with  dirt  (L4-1) 

Vent  pLugged;  never  opened  (L6-5) 

Steaming  vent  pipe  (L7-l,8) 

Pipe  ended  in  manhole  (L7-7,  L8-l,8) 

Vent  opening  90°  off  and  plugged  ( L 7  —  7 ) 
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Table  5  (Cont'd) 


Component 

Investigated 


Subcomponent 

Investigated 


Problems  Observed 
(Location  Number  -  Site  Number) 


Seal  Around 
Conduit 


Thermal 
Expansion 
Loop  Area 


Packing  deteriorated  (Ll-2,9,10,  L3-10, 

L7-7,  L8-8) 

Asphalt  dried  and  cracked  (L3-5) 

Gap  in  wall  at  cement  packing  (L3-5) 

Rust  at  weld  of  condult/manhole  Interface  (L4-1) 
Link  seal  charred  and  cracked  (L5-3,4) 

Improper  slope  (L6-l,3) 

Poor  weld  penetration  and  mismatch;  crack  at 
weld  (L8-5) 


Conduit  Coating  No  fiberglass  mesh;  no  felt  in  mastic  coating 
(LI— 1 ,  L7-1) 

Coating  chipped  off  (Ll-1) 

Felt  wrapping  peeled  off  (Ll-2) 

Coating  not  properly  bonded  to  conduit  (Ll-6) 
Coating  was  brittle  (Ll-10) 

Blistered  and  cracked  coating  (Ll-10) 

Coating  too  thin  or  mastic  flow  to  pipe  invert 
(L2-1,  L3-5,  L4-3,  L5-3,4,6,  L6-l,2,3,  L6-4.5, 
L7-1.8,  L8-5.8) 

No  asphalt  underneath  mesh  (L4-1,  L5-2) 

No  felt  wrapping,  only  kraft  paper  (L4-2,  L3-1) 
No  felt  (L4-3,  L6-4) 

No  fiberglass  mesh  (L5-3,  L6-1) 

Mesh  too  coarse  (L3-6) 

No  evidence  of  galvanic  coating  (L7-1) 


Exterior  Surface  severely  corroded  or  pitted  (Ll-1,  L4-2,3 

Surface  of  L5-4,  L7-7) 

Conduit  Portions  rusted/pitted  (Ll-6, 9,  L2-1,  L4-1, 

L5-5,  L8-1 ,3,5) 

Rust  near  field  joint  (L3-11,  L7-1) 


Interior  Severe  corrosion  (L3-5,  L8-l,3,4,5) 

Surface  of  Minor  corrosion  (Ll-2, 4, 6, 9,  L3-6,ll,  L4-1, 

Conduit  L5-1 ,2,  L6-1 , 2, 3,4 , 5,  L7-7,8) 

Pitting  corrosion  (Ll-6,  L2-1,  L3-7,  L5-6,  L6-1, 
L8-2, 5,8) 


Conduit  Wet  mud  at  bottom  of  conduit  (Ll-3,  L3-5,  L7-1 ) 

Interior  Water  in  conduit  (Ll-5,6,  L5-2,6,  L6-1 , 2, 3,4, 5, 

L7-7,8,  L8-3,8) 

Flaky  insulation  at  bottom  of  conduit  (Ll-7,  L4-1) 
Minor  rust  of  pipe  supports  (Ll-5,8) 

Pipe  support  rusted  (Ll-6,  L6-2) 

Conduit  near  concrete  support  corroded  (L2-2) 
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Table  5  (Cont'd) 


Component 

Investigated 


Thermal 

Insulation 

System 


Subcomponent  Problems  Observed 

Investigated  (Location  Number  -  Site  Number) 


Insulation 


Tie-Straps 


Saturated  with  water  (Ll-4,  Ll-6, 9, 10,  L2-1,  L4-1, 
L6-3,4,5,  L7-7.8) 

In  degraded  condition  (Ll-6,  L2-1,  L6-l,3,  L7-1, 
1*7-7 ,8) 

Flaky  (Ll-7) 

Insulation  blocks  at  the  bottom  of  conduit 
(Ll-9,  L2-1,  L5-4,  L6-5,  L8-8) 

Eroded  pits  on  top  or  bottom  (L3-7,10,  L5-2, 
L6-1.2,  L8-2) 

No  insulation  (L5-2) 

Damp  insulation  (L6-2) 

Signs  of  reaction  between  insulation  and 
heat-carrying  pipe  (L8-l,2,3,4) 

Severe  corrosion  (Ll-9,  L6-2,  L7-8) 

Minor  corrosion  (L6-1) 


Supply  Pipe 
Exterior 


Return  Pipe 
Exterior 


Scattered  minor  corrosion  (Ll-2,6,9,  L5-2,  L6-2) 
Corrosion  at  insulation  contact  (Ll-5) 

Light  localized  pitting  (Ll-6,  L7-1,  L8-8) 

Medium  to  heavy  corrosion  with  some  pits  (L2-2, 
L6-1 ,  L6-3,  L6-5,  L8-5) 

Severely  corroded  and  pitted  with  signs  of  water 
intrusion  (L8-l,3,4) 

Severe  scattered  corrosion  (Ll-6) 

Internal  corrosion  (L2-1) 

Severe  corrosion  and  pitting  (L6-4) 

Minor  deterioration  of  FRP  line  (L8-4) 

General  corrosion  (L8-5) 


Leak  Detection  and  Location 


To  a  large  extent,  the  repa l rab i l i t y  of  prefabricated  steel  conduit  sys¬ 
tems  depends  on  the  ability  of  operating  personnel  to  detect  and  locate  leaks. 
Existing  guidance  addresses  leak  detection  and  identifying  whether  a  leak  is 
located  in  the  conduit  or  carrier  pipe.  Leak  detection  is  relatively  simple 
if  conduit  vents  are  open,  visibLe,  and  inspected  periodically.  Pressure 
tests  of  the  conduit  idencity  whether  a  leak  is  located  in  the  conduit  or  in 
the  carrier  pipe. 

Leak  location  has  caused  many  problems  for  Facility  Engineers.  The  pro¬ 
bability  of  accurately  locating  leaks  between  manholes  using  remote  techniques 
decreases  with  increasing  depth  of  system  burial;  the  probability  of  easily 
and  accurately  locating  leaks  in  systems  buried  more  than  15  ft  deep  approach¬ 
es  zero.  In  some  cases,  easiLy  repairable  systems  were  abandoned  because  of 
the  inability  to  find  leaks.  Operating  personnel  were  often  not  familiar  with 
the  uses  and  limitations  of  leak  detection  equipment.  Thus,  it  appears  that 
guidance  for  detecting  and  locating  leaks  in  prefabricated  conduit  systems 
should  be  developed. 

Excavatioyi 

Burned  grass,  hot  ground,  melted  snow,  or  steaming  ground  were  evidence 
of  excessive  heat  loss  at  several  sites  (Table  5).  Figure  7  shows  an  example 
of  burned  grass  above  a  line.  This  was  usually  caused  by  flooded  systems  with 
ineffective  insulation. 

Poor  backfilling  techniques  had  been  used  at  some  sites  (Table  5).  Low- 
resistivity  backfill  can  aggravate  corrosion  of  heat  distribution  systems. 
Selection  of  appropriate  backfilL  materials  is  critical  in  low-resistivity 
soil.  Cathodic  protection  should  be  required  when  the  resistivity  of  the  ad¬ 
jacent  soil  or  backfill  is  less  than  10,000  ohm/cm^,  optional  for  soil  resis¬ 
tivities  between  10,000  and  30,000  ohm/cnr  and  not  used  for  soil  resistivities 
above  30,000  ohm/cm  , 

System  Slope 

Some  systems  were  sloped  improperly  (Table  5),  but  this  problem  could  not 
be  easily  detected  during  the  field  investigations;  as  a  result,  many  cases  of 
improper  conduit  slope  may  have  gone  undetected.  CE-301.21  states  that  "All 
horizontal  piping,  unless  otherwise  indicated,  should  be  pitched  at  a  grade  of 
not  less  than  1  in.  in  40  ft  in  the  direction  of  flow.  All  other  piping,  un¬ 
less  otherwise  indicated,  shall  be  pitched  with  a  grade  of  not  less  than  1  in. 
in  40  ft  toward  the  drain  points."  This  results  in  a  0.21  percent  grade  for 
piping.  Using  a  steeper  grade  couLd  help  in  system  drainage  and  reduce  the 
chances  that  portions  of  the  conduit  are  improperly  sloped.  The  use  of  a 
steeper  slope  requires  either  deeper  system  burial  or  closer  manhole  spacing. 
Tt  appears  that  the  degree  of  slope  required  should  be  investigated. 
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Figure  7.  Missing  grass  above  Line  (L7-7). 

Manholes  and  System  Entries  to  Buildings 

Many  deficiencies  in  design,  construction,  and  maintenance  caused  prob¬ 
lems  with  manhoLes  and  system  entries  to  manholes  and  buildings. 

Accessibility.  Poor  manhoLe  accessibility  was  frequently  observed  (Table 
5).  Lack  of  space  and  poor  arrangement  of  components  posed  inspection  prob¬ 
lems,  particularly  for  the  prefabricated  steel  manholes  (Figure  8).  In  some 
cases,  improper  installation  of  ladders  made  it  difficult  to  even  enter  man¬ 
holes  (Figure  9).  The  deficiencies  create  both  working  and  safety  problems 
for  maintenance  personnel.  Current  guidance  does  not  address  specific  designs 
for  manholes  in  terms  of  how  much  space  to  allow  for  required  maintenance,  so 
there  appears  to  be  a  need  for  it. 

Piping  and  Components.  Piping  and  components  in  manholes  were  often  ob¬ 
served  in  poor  condition  (Table  5).  ProbLems  included  corrosion,  damaged  or 
missing  insulation,  and  leaking  valves.  Figure  10  shows  rusted  piping  in  a 
partially  flooded  manhole.  Figure  11  shows  seriously  damaged  insulation,  pip¬ 
ing,  and  end  plates  in  a  manhole  which  had  been  repeatedly  flooded.  Poor  man¬ 
hole  design  leads  to  insulation  damage  during  maintenance  operations,  since 
maintenance  personnel  must  often  stand  on  the  pipes  to  do  their  work.  Inade¬ 
quate  drainage  and  ventilation  of  manholes  causes  corrosion  of  piping  and  com¬ 
ponents.  Several  leaking  valve  stems  were  observed;  valves  were  often  allowed 
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to  leak  for  long  periods  of  time.  Using  higher-quality  valves,  which  would 
leak  less  frequently,  should  be  investigated. 


In  some  manholes,  PVC  pipes  for  chilled  water  were  observed  to  be  close 
to  heat  distribution  piping.  Operating  personnel  stated  that  in  some  cases, 
flooding  of  a  manhole  raised  the  temperature  of  PVC  piping  above  its  softening 
point,  causing  it  to  fail.  Thus,  there  may  be  a  need  to  investigate  whether 
PVC  pipes  should  be  separated  from  heat  distribution  pipes  by  a  defined  dis¬ 
tance  or  placed  in  separate  manholes. 

Drainage .  Many  manholes  with  inadequate  drainage  were  observed  (Table 
5).  Efficient  operation  of  prefabricated  conduit  systems  depends  on  the  man¬ 
hole  remaining  dry;  water  in  the  manholes  can  cause  flooding  and  corrosion  of 
heat  distribution  systems  and  can  complicate  maintenance  operations.  Causes 
of  high  water  in  the  manholes  included  plugged  drains,  failure  to  install  and 
maintain  sump  pumps,  and  failure  to  prevent  entry  of  surface  water  into  the 
manhoLe.  Figure  12  shows  an  example  where  the  water  pumped  out  of  a  manhole 
was  running  back  into  it.  The  manhole  shown  in  Figure  13  (over  10  ft  deep) 
was  filled  with  boiling  water  at  the  time  of  inspection. 

Vent i lat ion.  Manholes  with  little  or  no  ventilation  were  observed  at 
several  sites  (Table  5),  apparently  because  of  failure  to  follow  existing 
design  and  construction  guidance.  Figure  14  shows  a  manhole  vent  for  a  6- 
year-old  conduit  system  which  penetrates  the  manhole  wall  below  grade  and 
exhausts  outside  the  manhole  periphery.  Inadequate  ventilation  aggravates 
corrosion  of  the  pipes  and  components  in  the  manholes  and  interferes  with 
maintenance  operations. 


Manhole  Structure.  Many  sources  of  water  intrusion  into  manholes  were 
observed  (Table  5).  Open-grate  tops  which  allow  rainwater  to  enter  manholes 
present  no  problems  and  provide  excellent  ventilation  when  sump  pumps  or  gra¬ 
vity  drains  are  operational.  However,  the  entry  of  surface  water  into  any 
manhole  is  detrimental,  since  it  adds  to  the  volume  of  water  which  must  be 
removed  by  the  sump  pumps  and  drains,  or  aggravates  flooding  if  the  drainage 
system  is  inoperative  (Figures  12,  13).  Little  or  no  leakage  of  manhole  walls 
was  observed,  and  current  criteria  for  waterproofing  walls  seem  to  be  ade¬ 
quate. 

Accessibility  for  Maintenance  and  Inspection.  Many  manholes  were  inac¬ 
cessible  for  maintenance  and  inspection  because  of  flooding  (Figure  13),  high 
temperatures,  and  poor  arrangement  of  components  (Table  5).  Preventive  main¬ 
tenance  of  sump  pumps  and  drains  and  adequate  manhole  ventilation  can  allow 
access  of  personnel  when  maintenance  is  required.  Design  and  construction 
techniques  which  allow  room  tor  maintenance  are  required  for  manholes  built  in 
the  future. 


:ncivatior.  of  the  Heat 


inoutzon  Oust 


End  Plate  Coating.  Over  long  periods  of  time,  coatings  used  on  end 
plates  were  found  to  be  ineffective  in  preventing  end  plate  corrosion  (Table 
5).  Severe  corrosion  of  end  plates  is  shown  in  Figures  15  and  16.  Insuffi¬ 
cient  coating  thickness  application  and  coating  deterioration  were  observed  on 
several  end  plates.  End  plates  should  be  coated  after  welding.  The  coatings 
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Figure  14.  Vent  pipe  tor  conduit  interior  installeu  outside 
manhole  (1.7-8). 

currently  used  do  not  appear  to  work  adequately  at  the  high  temperatures  en¬ 
countered  at  the  end  plate;  thus,  there  appears  to  be  a  need  for  specifying 
high-temperature  coatings  tor  end  plates  that  will  be  stable  at  temperatures 
up  to  450° F. 

Conduit  Drain  Opening.  Many  problems  with  conduit  drains  were  observed 
including;  no  drain  openings  provided,  drain  plugs  missing  or  frozen  shut, 
drain  ports  installed  at  the  sides  rather  than  at  the  bottom  of  conduits,  and 
drain  plugs  inaccessible  because  of  poor  component  arrangement  (Table  5). 

Most  of  these  problems  were  the  result  of  design  criteria  not  being  incorpo¬ 
rated  into  the  design  and  construction  of  the  manhole.  The  problem  of  drain 
plugs  freezing  shut  because  of  corrosion  can  be  reduced  by  using  brass  rather 
than  steel  drain  plugs.  At  one  site,  a  valve  was  used  instead  of  a  plug;  how¬ 
ever,  the  use  of  valves  may  aggravate  the  problem  of  drains  freezing  shut. 

Vent  Pipe.  Conduit  ventilation  was  found  to  be  inadequate  in  many  in¬ 
stances  because  of  vent  pipe  problems.  Failure  to  incorporate  existing  design 
guidance  into  design  and  construction  resulted  in  the  vent  pipes  being  placed 
at  the  bottom  or  sides  of  conduits,  failure  to  install  vent  pipes,  and  failure 
to  open  vents  (Table  5).  At  several  sites,  vent  pipes  did  not  extend  out  ot 
the  manhole.  Although  this  is  a  satisfactory  arrangement  tor  grate-top  man¬ 
holes,  it  is  not  acceptable  for  concrete-  or  steel-top  manholes,  because  the 
vents  must  be  easily  observed  tor  evidence  of  conduit  flooding.  In  one  case, 
check  valves  were  installed  in  vent  lines,  which  is  not  allowed  by  current 
guidance,  since  it  prevents  the  vent  from  steaming  if  the  conduit  floods. 

Seal  Around  Conduit.  Water  intrusion  into  manholes  through  seals  around 
the  conduits  was  observed  at  several  sites  (Table  5)  (Figures  15  and  16). 
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It  was  concluded  that  remedial  fieLd  repairs  were  not  satisfactory  and  that 
there  is  a  need  for  better  methods  of  making  and  repairing  seals.  Problems 
observed  included  severely  deteriorated  packing,  dried  or  cracked  asphalt, 
unfilled  gaps  between  the  conduit  and  manhole  wall,  and  charred  and  cracked 
link  seals. 

Conduit 

Conduit  Coating.  The  mastic-type  conduit  coatings  appeared  to  be  doing  a 
good  job  in  most  cases,  but  isolated  problems  were  observed.  These  problems 
included  improper  coating  system  application  or  selection  of  materials  for  the 
coating,  and  embrittlement  and  damage  of  coatings.  Some  corrosion  of  conduits 
was  observed  where  the  coating  was  damaged.  One  deficiency  in  the  mastic 
coating  material  appears  to  be  its  low  softening  temperature.  At  several 
sites,  the  coating  softened  and  flowed  down  the  conduit;  this  apparently 
occurred  when  water  entered  the  conduit  and  increased  its  surface  temperature 
above  the  softening  point  of  the  mastic.  The  current  guidance  for  conduit 
coatings  appears  to  be  sufficient. 

Exterior  Surface  of  Conduit.  The  exterior  surface  of  some  conduits  was 
corroded  to  various  extents,  depending  on  the  condition  of  the  coating  (Table 

a ) . 


Interior  Surface  of  Conduit.  The  condition  of  the  conduit's  interiors 
differed  among  sites  (Table  5);  some  had  been  painted,  and  others  had  not. 

The  amount  of  corrosion  was  usually  mild;  but  in  some  cases,  pitting  was  evi¬ 
dent.  However,  there  appear  to  be  no  serious  problems  in  this  area. 

Conduit  Interior.  Water,  wet  mud,  and  disintegrated  insulation  were 
found  in  conduit  interiors  at  several  sites  (Table  5).  The  mud  may  have  en¬ 
tered  the  systems  during  construction,  and  water  often  entered  through  open 
drain  plugs  or  corroded  end  plates  in  manholes.  These  types  of  problems 
occurred  because  of  failure  to  incorporate  existing  design  criteria  into 
design  and  construction,  and  failure  to  use  appropriate  maintenance  tech¬ 
niques.  Corrosion  of  pipe  supports  was  observed  at  a  few  sites;  however,  this 
does  not  appear  to  be  a  widespread  problem. 

Thermal  Insulation  System 

Insulation.  The  calcium  silicate  insulation  was  usually  in  good  condi¬ 
tion  (Table  5).  It  appears  to  maintain  its  physical  strength  even  when  satu¬ 
rated.-  In  some  isolated  cases,  the  insulation  had  broken  away  from  the  pipe. 

Tie-Straps .  The  stainless  steel  tie-straps  appeared  to  be  working  well, 
although  at  several  sites,  some  localized  corrosion  was  observed  (Table  5). 

In  one  case,  the  strap  had  corroded  through.  It  appears  that  low-quality 
stainless  steel  was  used  in  these  applications,  so  there  may  be  a  need  to 
specify  quality. 
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Carrier  Pipes 


Supply  Pipe  Exterior.  The  outer  surfaces  of  most  of  the  steel  carrier 
pipes  appeared  to  be  in  good  condition  (Table  5).  At  a  few  sites,  deep  pits 
were  observed  in  systems  which  had  been  shut  down.  The  effect  of  system  shut¬ 
down  or  isolation  of  a  line  on  the  life  of  heat  distribution  systems  is  not 
well  understood;  some  of  the  corrosion  protection  of  carrier  lines  occurs 
because  the  high  temperatures  prevent  condensation  of  water  on  the  outside  of 
the  line.  However,  when  the  system  is  shut  down,  the  water  condenses.  The 
extent  to  which  this  can  cause  aqueous  corrosion  and  appropriate  maintenance 
procedures  for  avoiding  the  corrosion  have  not  been  identified. 

Return  Pipe  Exterior.  Interior  corrosion  of  condensate  return  lines 
caused  the  failure  of  one  system  (Table  5).  It  is  well  known  that  condensate 
return  lines  are  prone  to  failure  if  proper  water  treatment  is  not  used  at  the 
boiler  plant.  In  several  systems,  the  steam  and  return  lines  were  contained 
in  the  same  conduit.  This  is  not  allowed  by  current  criteria  because  conden¬ 
sate  line  failures  damage  steam  lines  relatively  frequently. 

Some  condensate  return  lines  were  found  to  be  uninsulated.  Insulation  of 
condensate  return  lines  was  not  required  by  CE-301.21;  however,  this  problem 
has  been  corrected,  since  insulation  on  condensate  return  lines  is  now  usually 
required  to  meet  the  energy  conservation  criteria  of  FCGS  15705. 

Above-Ground  Systems.  Above-ground  systems  were  observed  but  not  in¬ 
spected  at  Grand  Forks  AFB,  ND,  and  at  Pensacola  NAS,  FL  (Locations  7  and  8). 
The  systems  were  in  good  condition;  but  it  was  noted  that  at  Grand  Forks  AFB 
water  froze  in  one  system  during  a  shutdown  of  the  line  in  winter,  causing 
extensive  damage  to  the  piping.  Furthermore,  frost  heave  of  the  concrete  base 
that  supported  sections  of  the  system  resulted  in  improper  sloping  of  some 
sections  of  the  line;  this  can  prevent  the  system  from  draining.  During  a 
system  shutdown  in  winter,  damage  to  piping  can  be  avoided  if  the  line  is 
drained.  Frost  heave  of  concrete  foundations  can  be  avoided  if  proper  design 
and  construction  techniques  are  used. 


Insulating  Powder  System 

Three  systems  using  insulating  powders  were  observed  at  Grand  Forks  AFB, 
ND  (Location  7).  Two  systems  that  were  10  years  old  were  found  to  be  in  the 
"not  efficient — replace"  condition;  the  other  system,  which  was  11  years  old, 
was  in  the  "efficient  with  minor  problems"  or  "not  efficient — repair"  cate¬ 
gory.  It  was  observed  that  after  long  periods  of  time,  the  insulating  powders 
react  with  water,  as  shown  by  scale-like  deposits. 

The  observed  conditions  suggest  that  current  guidance  prohibiting  the  use 
of  this  system  for  new  construction  is  valid. 


Shallow  Concrete  Surface  Trench  System 


Twelve  shallow  concrete  surface  trench  systems  were  observed  at  Port 
Bragg,  NC;  Naval  Research  laboratory,  Washington,  DC;  Crand  Forks  AFB,  ND;  and 
Pensacola  NAS,  FL  (Locations  3,  5,  7,  and  8,  respectively).  No  soil  surveys 
to  determine  site  classif icat ion  were  made  since  site  classifications  were 
determined  subjectively  by  team  members  for  all  the  sites  except  Location  7 
using  CE-301.21  as  a  guideline.  At  Location  7,  a  soil  survey  was  conducted 
(Appendix  J)  and  sites  were  classified  according  to  both  CE-301.21  and  FCCS 
15705. 

Eight  of  the  systems  were  in  Class  B  sites;  one  system  was  in  a  Class  A 
site.  The  three  remaining  systems  at  Location  7  were  in  Class  A  sites  accord¬ 
ing  to  CE-301.21;  two  of  these  (Sites  10A  and  10B)  were  in  Class  B  sites,  and 
one  (Site  6)  was  in  a  Class  A  site,  according  to  FCCS  15705. 

The  shallow  concrete  trench  system  at  Fort  Bragg,  NC,  (four  sites)  was 
inefficient  because  of  minor  problems  associated  with  40  years  of  service  in  a 
Class  B  site.  Problems  included  water  in  the  manholes,  corrosion  of  manhole 
components,  and  deterioration  of  the  felt  and  bituminuous  coating  on  the  car¬ 
rier  lines.  Two  of  the  shallow  trench  systems  (30  years  old)  at  the  Naval 
Research  Laboratory,  Washington,  DC  (Class  B  sites),  were  inefficient  and 
needed  replacement;  there  were  insufficient  data  to  judge  the  condition  of  the 
other  two  systems,  but  it  is  likely  chat  they  are  inefficient  and  need  repair 
or  replacement.  Three  shallow  trench  systems  were  inspected  at  Crand  Forks 
AFB,  ND;  two  of  these  (5  years  old)  were  efficient,  and  one  (3  years  old)  was 
inefficient,  and  needed  repair  of  insulation  which  had  been  damaged  when  a 
manhole  drain  froze  and  caused  the  system  to  flood.  This  could  have  been  pre¬ 
vented  by  proper  installation  of  the  drain  below  the  frost  line.  At  Pensacola 
NAS,  FL,  one  nonconvent ional  shallow  trench  system  was  found  to  be  efficient 
but  having  minor  problems  after  27  years  of  service  in  a  Class  A  site.  The 
system  consisted  of  a  steel  conduit  system  buried  in  a  shallow  concrete 
trench.  The  minor  problems  with  the  system  included  flooding,  inadequate  ven¬ 
tilation  of  the  manhole,  and  severe  corrosion  of  manhole  components. 


Buried  Concrete  Trench  System 

Four  buried  concrete  trench  systems  were  investigated  at  Fort  Knox,  KY, 
Fort  Campbell,  KY,  and  Grand  Forks  AFB,  ND  (Locations  1,  2,  and  7,  respective¬ 
ly).  The  tops  of  the  trenches  were  from  2.5  to  5  ft  below  grade  and  all  sys¬ 
tems  except  the  one  at  Location  7  were  installed  in  Class  B  sites  according  to 
the  1964  guidance  (CE-301.21).  Site  3  at  Location  7  is  a  Class  A  site  accord¬ 
ing  to  current  guidance  (FCCS  15705  and  CE-301.21).  The  Class  B  systems  were 
found  to  serve  their  design  life.  However,  two  systems  that  were  more  than  30 
years  old  were  "inefficient  —  replace,"  while  the  other  two,  which  were  4  and 
23  years  old,  were  found  to  be  "inefficient  with  minor  problems"  and  "effi¬ 
cient,"  respectively. 


The  systems  on  Class  B  sites  appeared  to  perform  satisfactorily.  How¬ 
ever,  the  amount  of  excavation  needed  to  repair  them  makes  them  less  attrac¬ 
tive  than  shallow  concrete  surface  trenches  or  trenches  buried  slightly  below 

grade. 
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Fiberglass  Reinforced  PLastic  (FRP)  System 


One  system  having  steel  carrier  lines  in  an  FRP  conduit  was  observed  at 
Grand  Forks  AFB,  ND.  The  system  was  found  to  be  inefficient  and  needed  re¬ 
placement  after  9  years  of  service.  The  FRP  had  been  damaged  during  a  pre¬ 
vious  excavation;  water  that  entered  had  not  been  removed.  The  conduit  drain 
had  rusted  shut  and  there  was  no  conduit  vent.  Furthermore,  the  weight  of  the 
backfill  had  deformed  the  conduit.  The  results  of  observing  this  one  system 
were  inadequate  for  assessing  system  performance. 

Seven  systems  with  conventional  prefabricated  steel  conduit  heat  distri¬ 
bution  lines  and  FRP  condensate  return  lines  were  observed  at  Andrews  AFB,  MD, 
and  Pensacola  NAS,  FL  (Locations  4  and  8).  All  these  systems  were  on  Class  A 
sites,  and  only  the  steam  lines  were  investigated,  because  field  inspection  of 
the  condensate  return  line  FRP  conduits  was  impractical. 


Half-Round  Clay  Tile  System 


Three  half-round  clay  tile  systems  were  inspected  at  Fort  Campbell,  KY, 
and  Fort  Bragg,  NC.  All  the  systems  were  26  years  old;  they  were  found  to  be 
"efficient  with  minor  problems,"  "not  efficient — repair,"  and  "not  efficient — 
replace."  It  was  not  possible  to  tell  when  the  two  inefficient  systems  became 
inefficient.  Most  of  the  difficulties  observed  with  this  system  were  caused 
by  improper  sealing  at  the  joints,  which  allowed  water  intrusion. 


Insulating  Concrete  System 

Inspection  of  one  insulating  concrete  system  at  Grand  Forks  AFB,  ND, 
yielded  insufficient  data  for  system  evaluation.  The  system  was  found  to  be 
inefficient  and  requiring  replacement  after  26  years  in  a  Class  A  site;  how¬ 
ever,  it  was  impossible  to  determine  when  the  system  had  failed.  The  system 
was  not  approved  for  Class  A  sites  at  the  time  of  construction  and  is  not 
approved  now.  It  suffered  from  damaged  waterproofing,  entry  of  water,  corro¬ 
sion  of  the  strengthening  wire  mesh,  and  carrier  pipe  corrosion. 
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6  EVALUATION  OF  THE  PERFORMANCE  OF  SYSTEM  TYPES  INSPECTED 


Classifications  for  the  sites  investigated  were  subjectively  assessed  by 
the  inspection  team  according  to  the  guidance  presented  in  CE-301 .21,  except 
for  several  sites  at  Crand  Forks  AFB,  which  were  evaluated  by  a  soil  survey 
according  to  both  CE-301. 21  (1967)  and  FCCS  15705  (1976)  gu idance . *  Tables  6 
through  9  summarize  the  performance  of  various  types  of  systems  in  Class  A  and 
Class  B  sites.  The  tables  show  the  Location,  site,  age  of  system,  type  of 
system,  condition  of  system,  and  general  comments  for  the  66  sites  investi¬ 
gated.  It  should  be  noted  that  this  evaluation  does  not  Lend  itself  to  direct 
statistical  analysis,  because  factors  such  as  numerous  site  surveys  on  a  sin¬ 
gle  system  and  the  effects  of  site-specific  factors  on  system  performance  can 
bias  the  resuLts. 

Table  6  summarizes  the  performance  of  Type  A  conduits  on  Class  A  sites. 

Of  the  26  sites  investigated,  six  were  "efficient"  or  "efficient  with  minor 
problems,"  11  were  "inefficient  —  repair,"  and  six  were  "inefficient  —  replace"; 
the  three  remaining  sites  were  classified  as  "inefficient,"  but  not  enough 
data  was  available  to  assess  whether  repair  or  replacement  was  the  cost- 
effective  action.  Five  of  the  sites  at  Fort  Polk  were  part  of  a  single  system 
that  had  failed.  Some  of  these  systems  couLd  have  been  reactivated  by  repair¬ 
ing  the  casing  seams. 

Table  7  summarizes  the  performance  of  various  types  of  non-Type  A  systems 
on  Class  A  sites.  The  tiLe,  insulating  powder  coated  with  stearic  acid,  and 
insulating  concrete  systems  that  are  not  approved  for  Class  A  or  Class  B  sites 
were  not  efficient  and  needed  to  be  replaced  or  repaired  after  12  to  26  years 
of  service.  Two  concrete  trench  systems  on  Class  A  sites  were  observed.  One 
system  had  served  its  intended  design  life  and  failed  after  31  years  of  ser¬ 
vice.  The  other  shallow  trench  system  was  "efficient  with  minor  problems" 
after  27  years  of  service.  This  system  was  unique  in  that  a  steel-cased  sys¬ 
tem  had  been  installed  in  a  shallow  trench. 

Table  8  summarizes  the  performance  of  Type  A  systems  on  Class  B  sites. 

Of  the  12  systems  investigated,  ranging  from  5  to  16  years  of  service,  10  were 
"efficient"  or  "efficient  with  minor  problems,"  one  was  "not  efficient — 
repairable,"  and  one  could  not  be  evaluated  because  of  insufficient  data.  The 
data  show  that  Type  A  systems  generally  performed  well  on  Class  B  sites. 

Table  9  summarizes  the  performance  of  non-Type  A  systems  on  CLass  B 
sites.  The  16  concrete  trench  systems  which  are  approved  for  Class  B  sites 
observed  ranged  from  4  to  41  years  of  age.  Of  the  11  systems  in  service  for 
more  than  25  years,  five  were  "efficient"  or  "efficient  with  minor  problems," 
one  was  not  "efficient  but  repairable,"  three  needed  to  be  replaced,  and  two 
were  in  undetermined  condition.  The  five  systems  in  service  less  than  25 
years  ranged  from  "efficient"  to  "not  efficient  needing  repair."  One  system 
23  years  old  was  in  "efficient"  condition;  two  systems  were  "efficient  with 
minor  problems"  and  "efficient”  after  4  and  5  years,  repectively.  Another 

■’■'The  results  of  the  soil  surveys  and  classifications  according  to  FCCS  15705 
and  CE-302.21  for  sites  1,  2,  3,  6,  7,  8,  9,  10  and  11  at  Crand  Forks  AFB,  ND 
are  tabulated  in  Appendix  J. 


Table  6 


Perlormance  of  Type  A  Prefabricated  Conduit 
On  Class  A  Sites 


Systems 


Site 

System 

Condition* 

1. 

Ft. 

Knox,  Site  1 

C-l 

10 

B 

2. 

Ft. 

Knox,  Site  2 

C-2 

6 

C 

3. 

Ft. 

Knox,  Site  4 

C-l 

13 

C 

4. 

Ft. 

Knox,  Site  5 

C-l 

12 

A 

5. 

Ft. 

Knox,  Site  6 

C-2 

14 

0 

6. 

Ft. 

Knox,  Site  7 

C-2 

14 

C 

7. 

Ft. 

Knox,  Site  8 

C-2 

12 

B 

8. 

Ft. 

Knox,  Site  9 

C-l 

12 

C/D 

9. 

Ft . 

Knox,  Site  10 

C-l 

12 

C/U 

10. 

Ft. 

Campbei l ,  Site 

:  2 

C-l 

4 

A 

11. 

Andrews  AKH,  Site 

1 

Cl-FR 

9 

C 

12  . 

Andrews  APB,  Site 

2 

C-l 

9 

8 

13. 

Andrews  AFB,  Site 

3 

C-l 

11 

C 

14. 

Ft. 

Polk,  Site  1 

C-l 

5 

D 

IS. 

Ft. 

Polk,  Site  2 

C-l 

5 

C 

16. 

Ft. 

Polk,  Site  3 

C-l 

5 

C 

17. 

Ft. 

Polk,  Site  4 

C-l 

5 

0 

18. 

Ft. 

Polk,  Site  5 

C-l 

5 

C 

19. 

Grand  Forks,  Site 

7 

C-2 

15 

C/D 

20. 

Grand  Forks,  Site 

8 

C-2 

6 

D 

21. 

Pensacola,  Site  1 

Cl-FR 

3 

C 

22. 

Pensacola,  Site  2 

Cl-FR 

5 

C 

23. 

Pensacola,  Site  3 

Cl-FR 

3 

C 

24. 

Pensacola,  Site  4 

Cl-FR 

7 

C 

25. 

Pensacola,  Site  5 

Cl-FR 

5 

D 

26. 

Pensacola,  Site  8 

Cl-FR 

8 

D 

Comment 

Manhole  drainage,  end  plates,  and  vents 
need  maintenance 

Improper  manhole  design,  improper  vent  design 
No  cathodic  protection,  repairable 
Conduit  flooding  due  to  corroded  sump  kit 
end  plates  in  boiler  plant,  repairable 
No  problems 

Design  and  maintenance  deficiencies 
Probably  repairable 
Manhole  internals  need  work 
Manhole  flooding,  no  cathodic  protection 
Very  poor  design,  poor  maintenance,  no 
cathodic  protection 

Improper  manhole  design,  open  conduit  plugs, 
corroded  end  plates 
No  problems 

Probably  casing  leak,  sysLems  repairable 
No  problems 

Minor  maintenance  needed  in  manhole 
Design,  construction,  and  maintenance 
def iciencies ,  no  caLhodic  protection 
Design,  construction,  and  maintenance 
deficiencies,  no  cathodic  protection 
Design,  construction,  and  maintenance 
deficiencies,  no  cathodic  protection 
Design,  construction,  and  maintenance 
deficiencies,  no  cathodic  protection 
Design,  construction,  and  maintenance 
deficiencies,  no  cathodic  protection 
Improperly  sloped,  poor  maintenance 
Improper  design,  improperly  sloped, 
poor  maintenance 

System  was  abandoned;  failure  due  to  broken 
elbow  areas;  could  have  easily  been 
repaired;  no  manhole  drainage 
No  manhole  drainage  or  sump  pumps 
No  manhole  drainage  or  sump  pumps;  end 
plates  need  work 

Minor  corrosion  on  casing  interior,  dry  conduil 

Casing  weld  failure 

End  plate  corroded,  steam  ejector 


*Def i ni t ions : 

A  =  ef f ic ient 

B  =  efficient  with  minor  problems 
C  -  not  efficient  —  repair 
D  -  not  efficient  —  replace 
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Table  7 


Performance  of  Non-Type  A  Systems  on  Class  A  Sites 


Site 

Age 

Type  of  System 

Condition* 

Comment 

1. 

Ft.  Campbell, 
Site  l 

22 

Conduit  with  steam 
and  return  lines  In 

c 

Failure  due  to  Internal  corrosion  # 

of  condensate  line  (mineral  wool 

Insulation). 

2. 

Ft.  Campbell, 
Site  3 

12 

Tile  system 

B 

No  Insulation  was  Installed  on  this 
system.  Exterior  casing  was  In  good 
condition,  but  the  system  was  not 
providing  insulation. 

A 

3. 

Ft.  Campbell, 
Site  4 

31 

Concrete  trench 

C 

W 

This  system  served  Its  anticipated 
life  span. 

4. 

Ft.  Campbell, 
Site  5 

2b 

Tile  system 

c 

Failure  of  joint  waterproofing  and 
settling  of  system.  There  was  extensive 
insulation  damage,  and  It  was  impossible 
to  tell  how  long  the  system  has  been 

inefficient.  # 

5. 

Grand  Forks, 
Site  1 

24 

Conduit  (C-l)  type 

B/C 

Failure  was  due  to  corrosion  of 
nongalvanlzed  field  joints. 

6. 

Grand  Forks, 
Site  2 

2b 

Insulating  concrete 

C 

The  system  was  saturated. 

7. 

Grand  Forks, 
Sites  4A  &  4B 

Unknown 

Insulating  powder 

C 

Failure  due  to  improper  design  and  0 

material  application. 

8. 

Pensacola , 

Site  6 

27 

Shallow  trench 

A 

Unusual  system  in  which  a  steel-cased 
system  was  installed  inside  a  concrete  trench. 

‘Definitions: 

A  ”  efficient  with  minor  problems 
8  ”  not  efficient — repair 
C  •  not  efficient — replace 
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Table  8 


Performance  of  Type  A  Prefabricated  Conduits  on  Class  8  Sites 


Site 

Age 

Condition* 

Comment 

1. 

Ft.  Bragg,  Site 

5 

5 

B 

Some  manhole  maintenance  should 
be  done 

2. 

Ft.  Bragg,  Site 

6 

8 

A 

Some  manhole  maintenance  should 
be  done 

3. 

Ft.  Bragg,  Site 

7 

8 

B 

Some  manhole  maintenance  should 
be  done 

4. 

Ft.  Bragg,  Site 

10 

15 

C 

Manhole  work  required 

5. 

Ft.  Bragg,  Site 

11 

12 

B 

Minor  manhole  work  required 

6. 

NRL,  Site  1 

5 

B 

Minor  manhole  work  required 

7. 

NRL,  Site  2 

11 

B 

Minor  manhole  work  required 

8. 

NRL,  Site  3 

9 

B 

Minor  manhole  work  required 

9. 

NRL,  Site  4 

9 

B 

Minor  manhole  work  required 

10. 

NRL,  Site  5 

Not 

Known 

B 

Minor  manhole  work  required 

11. 

NRL,  Site  6 

9 

8 

Conduit  vents  should  be  installed 

12. 

NRL,  Site  7 

16 

ID 

Special  application  under  roadway 
with  conduit  enclosed  in  concrete 
pipe 

*Def initlons : 

A  =  efficient 

B  =  efficient  with  minor  problems 
C  =  not  efficient — repair 
ID  «  insufficient  data  to  evaluate  condition 


system  was  "not  efficient  requiring  repair"  after  2  years  of  operation.  This 
system  was  damaged  when  a  drain  froze,  causing  trench  flooding;  it  was  subse¬ 
quently  repaired  and  is  now  perform  .g  satisfactorily.  The  results  show  that 
Class  B  systems  performed  well  on  Class  B  sites  without  serious  problems. 

Two  concrete  trenches  (sites  3  and  6)  at  Grand  Forks  AFB,  ND,  were  ob¬ 
served  on  Class  A  sites  as  defined  by  FCGS  15705.  The  two  systems,  which  were 
3  and  4  years  old,  respectively,  were  observed  to  be  in  "efficient"  and  "not 
efficient — repair"  condition.  The  system  which  needed  repair  was  damaged  when 
a  drain  in  the  manhole  froze  shut,  causing  flooding  at  the  trench.  The  system 
was  later  repaired.  The  systems  appeared  to  be  working  satisfactorily,  but 
they  were  not  old  enough  to  allow  an  accurate  evaluation  of  the  performance  of 
Type  B  systems  on  Class  A  sites. 


7  CONCLUSIONS  AND  RECOMMENDATIONS 


Evaluation  of  System  Performance 

Type  A  prefabricated  conduit  systems  were  found  to  be  satisfactory  on 
Class  A  sites  when  installed  in  strict  compliance  with  criteria.  About  half 
of  the  systems  observed  had  significant  problems  which  could  be  attributed  to 
design  or  construction  deficiencies.  These  problems  were  compounded  by  fail¬ 
ure  to  perform  preventive  maintenance  and  to  take  corrective  action  when  prob¬ 
lems  occurred. 

Both  Type  A  and  Type  B  systems  were  found  to  perform  satisfactorily  on 
Class  B  sites.  Three  Type  B  shallow  concrete  trench  systems  were  found  to  be 
performing  satisfactorily  on  Class  A  sites  as  defined  by  CE-301.21  and  Class  B 
sites  as  defined  by  FCGS  15705.  Two  concrete  trench  systems  were  observed  in 
Class  A  sites  as  defined  by  FCCS  15705;  however,  these  systems  were  not  old 
enough  to  evaluate  the  performance  of  Type  B  systems  on  Class  A  sites. 

Systems  such  as  insulating  concrete  and  insulating  powders  did  not  per¬ 
form  satisfactorily  on  Class  A  sites;  current  guidance  does  not  allow  use  of 
these  systems  on  either  Class  A  or  Class  B  sites.  Insufficient  data  were 
available  to  assess  the  performance  of  Type  B  systems  on  Class  A  sites  as 
defined  in  FCGS  15705;  however,  Type  B  systems  appeared  to  perform  satisfac¬ 
torily  on  those  sites  classified  as  Class  A  by  CE-301.21  and  as  Class  B  by 
FCGS  15705. 


Site  Classification  System 

Results  of  the  field  inspection  indicated  that  many  sites  classified  as 
Class  A  experience  high  water  tables  infrequently  or  not  at  all.  The  designa¬ 
tion  of  these  sites  as  Class  A  may  be  too  stringent,  if  shallow  trench  systems 
can  be  used  satisfactorily.  Thus  it  is  recommended  that  the  site  classifica¬ 
tion  criteria  be  reviewed  and  that  the  feasibility  of  allowing  shallow  trench 
systems  on  infrequently  submersed  sites  be  investigated. 


Prefabricated  Conduit  System  Components 

The  conclusions  and  recommendations  for  the  components  of  the  prefabri¬ 
cated  steel  conduit  systems  are  compiled  according  to  the  severity  of  defi¬ 
ciencies  observed  and  the  causes  of  the  deficiencies. 

The  Tri-Service  guidance  for  the  following  areas  was  found  to  be  valid, 
so  there  are  no  recommendations  for  changes: 

1.  Conduit  exterior  coating 

2.  Conduit  interior 

3.  Pipe  supports 

A.  Calcium  silicate  insulation 


5.  Supply  pipe  exterior 

6.  Waterproofing  of  manhole  walls. 

The  Tri-Service  guidance  was  found  vaLid  in  the  following  areas;  however, 
when  the  guidance  was  not  followed,  serious  problems  resulted: 

1.  Backfill 

2.  Water  entry  into  manholes 

3.  Manhole  drainage 

4.  Manhole  ventilation 

5.  Conduit  drains 

6.  Conduit  vents 

7.  Leak  detection  and  identification  of  type  of  leak. 

Improper  backfill  techniques  aggravated  the  corrosion  of  many  systems, 
particularly  those  in  Low-resistivity  soiLs.  It  is  recommended  that  Tri- 
Service  guidance  for  backfiLling  be  foLLowed. 

Inadequate  or  nonexistent  sump  pumps  and  inadequate  manhole  drainage 
caused  severe  corrosion  of  manhole  components,  inaccessibility  of  manholes  for 
maintenance,  and  premature  system  failures,  particularly  when  improper  use  of 
drain  plugs  and  conduit  vents  allowed  water  from  manholes  to  enter  the  con¬ 
duits. 

Entry  of  surface  water  into  manholes  was  observed.  Although  open-grate- 
top  manholes  allow  for  excellent  ventilation,  surface  water  entry  into  any 
type  of  manhole  is  detrimental.  It  is  recommended  that  manholes  be  construct¬ 
ed  according  to  guidance  to  be  established. 

Improper  use  of  conduit  vents  and  drains  allowed  water  to  enter  the  con¬ 
duits  and  prevented  maintenance  personnel  from  checking  vents  for  signs  of 
flooding.  Brass  drain  plugs  are  required  by  the  Tri-Service  Specifications, 
but  in  a  number  of  cases,  steel  drain  plugs  that  had  corroded  shut  were  ob¬ 
served.  The  use  of  valves  in  place  of  drain  piping  is  not  recommended. 

Following  Tri-Service  guidance  for  manhole  design,  construction,  and 
operation  would  have  prevented  some  system  failures.  It  appears  that  estab¬ 
lishing  periodic  preventive  maintenance  procedures  for  manholes  will  be  needed 
to  insure  proper  system  operation. 

Existing  guidance  for  leak  detection  and  location  was  not  being  followed. 
In  many  cases,  leaks  went  undetected  because  vents  were  plugged  or  not  visi¬ 
ble,  or  because  no  one  inspected  them.  Specific  maintenance  deficiencies  in¬ 
cluded  failure  to  attempt  repair  and  faiLure  to  pressure-test  the  conduit  to 
determine  whether  the  leak  was  in  the  conduit  or  the  carrier.  It  is  recom¬ 
mended  that  the  Tri-Service  Specifications  be  followed. 
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The  Tri-Service  Specifications  appeared  deficient  in  certain  areas.  In 
some  cases,  it  appeared  that  further  investigation  of  the  problems  was  neces¬ 
sary;  in  others,  suggested  changes  to  guidance  have  been  made.  The  deficient 
areas  were: 


1.  Required  cathodic  protection  for  soils  with  resistivity  below  10,000 
ohm/cnr 

2.  Insulation  of  condensate  return  lines* 

3.  Preventive  maintenance  of  systems 

4.  The  effects  of  system  shutdown  on  system  performance 

5.  Leak  detection  and  location 

6.  System  slope 

7.  Manhole  design  and  accessibility 

8.  Leaking  valves  in  manholes 

9.  Separation  of  chilled-water  PVC  piping  and  heat  distribution  piping 

10.  Coating  of  conduit  end  plates 

11.  Sealing  of  manhole  walls  around  conduit  entry  to  manholes 

12.  Selection  of  tie-strap  materials. 

Two  of  the  above  deficiencies  have  been  corrected  by  FCCS  15705  which 
requires  cathodic  protection  when  soil  resistivity  is  below  10,000  ohm/cm'*  and 
usually  requires  insulation  of  the  condensate  return  line  to  meet  the  energy 
conservation  criteria. 

Lack  of  preventive  maintenance  and  failure  to  perform  required  mainte¬ 
nance  contributed  to  many  of  the  system  problems  observed.  Operating  person¬ 
nel  were  often  unaware  of  appropriate  preventive  maintenance  procedures  and 
lacked  the  staff  to  properly  maintain  the  systems.  It  is  recommended  that 
guidance  for  appropriate  maintenance  procedures  be  developed,  with  an  emphasis 
on  contracting  out  much  of  the  required  maintenance. 

There  are  indications  that  shutdown  of  systems  or  isolation  of  lines  can 
contribute  to  corrosion.  Much  of  the  corrosion  protection  of  the  underground 
heat  distribution  systems  relies  on  the  high  temperatures  near  the  carrier 
lines  to  prevent  aqueous  corrosion.  However,  when  the  systems  are  shut  down 
or  the  lines  are  isolated,  water  can  condense  and  cause  corrosion.  It  is 
recommended  that  the  effects  of  shutdown  on  system  performance  be  investigated 
and  any  appropriate  preventive  maintenance  procedures  be  identified. 

•’'Insulation  of  condensate  return  lines  is  usually  required  to  meet  the  energy 
conservation  criteria  of  FCGS  15705. 


Opt* rating  personnel  were  not.  aware  of  the  uses  or  limitations  of  state- 
of-the-art  leak  detection  equipment  tor  conduit  systems.  It  is  recommended 
that  they  be  provided  with  such  information. 

Improper  sLoping  of  systems  was  observed,  and  it  appears  that  the  0.21 
percent  grade  required  by  CE-301.21  may  be  too  shallow.  Increasing  the  speci¬ 
fied  grade  may  provide  better  system  drainage  and  reduce  the  chances  of  im¬ 
proper  slope.  It  is  recommended  that  the  feasibility  of  increasing  the  grade 
of  the  systems  be  investigated.  It  should  be  noted  that  changing  the  slope  of 
systems  will  affect  the  depth  of  system  burial  and  the  manhole  spacing. 

Many  manholes  were  found  inaccessible  for  required  maintenance  because  of 
poor  design  and  construction;  prefabricated  steel  manholes  exhibited  the  worst 
deficiencies.  It  is  recommended  that  guidance  be  developed  for  manhole 
designs  that  allow  adequate  room  and  ventilation  for  all  anticipated  mainte¬ 
nance  and  inspection  operations.  Open-grate  manhole  tops  provide  excellent 
ventilation  but  require  manhole  drainage. 

Leaking  valve  stems  were  observed  in  several  manholes;  these  valves  were 
often  allowed  to  leak  for  long  periods  of  time  because  of  the  difficulty  asso¬ 
ciated  with  isolating  lines  for  valve  repair.  It  is  recommended  that  the 
feasibility  of  using  high-quality  valves  be  investigated. 

There  was  evidence  that  PVC  chilled-water  lines  near  heat  distribution 
piping  had  failed  when  manholes  flooded  because  the  PVC  softened  at  high  tem¬ 
peratures.  It  is  recommended  that  the  effect  of  proximity  of  PVC  piping  to 
heat  distribution  piping  on  the  failure  of  PVC  be  investigated  and  guidance 
developed  to  address  the  problem,  if  necessary. 

Coatings  on  end  plates  were  found  ineffective  in  preventing  end  plate 
corrosion  for  long  periods  of  time.  End  plates  should  be  coated  after  weld¬ 
ing,  and  it  is  recommended  that  existing  guidance  be  revised  to  specify  high- 
temperature  coatings  stable  up  to  temperatures  of  450°F  for  end  plates. 

Remedial  field  repairs  of  manhole  walls  around  conduit  seals  were  found 
to  be  ineffective.  It  is  recommended  that  better  techniques  be  developed  for 
both  making  and  repairing  the  seals. 

Corrosion  of  stainless  steel  tie-straps  for  calcium  silicate  insulation 
in  conduits  was  observed  at  a  few  sites.  It  appears  that  low-quality  stain¬ 
less  steel  was  used,  so  it  is  recommended  that  the  possible  need  for  specify¬ 
ing  the  quality  of  the  tie-strap  material  be  investigated. 


Concrete  Trench  Systems 

Twelve  shallow  concrete  trench  systems  and  four  buried  concrete  trench 
systems  were  inspected.  The  systems  were  found  to  work  satisfactorily  on 
sites  designated  as  Class  B  by  FCGS  15705  and  as  Class  A  by  CE-301.21.  Data 
were  insufficient  to  evaluate  the  systems  on  sites  which  were  designated  Class 
A  by  both  CE-301.21  and  FCGS  15705. 


Problems  observed  with  the  systems  included  water  in  manholes  and 
trenches  and  deterioration  of  carrier-line  insulation  and  coatings.  The 


proper  drainage  of  manhoLes  is  critical,  to  the  efficient  operation  of  these 
systems,  since  water  in  the  manhoLe  may  flood  the  trench  freely.  It  is  recom¬ 
mended  that  the  feasibility  of  revising  criteria  to  allow  these  systems  on 
sites  with  higher  water  tabLes  be  investigated. 


Other  Systems  Investigated 

Above-ground  systems  were  observed  to  be  performing  well;  these  systems 
offer  many  advantages,  but  their  interference  with  aesthetics  and  mobility  of 
personnel  and  equipment  often  precludes  their  use.  It  is  recommended  that 
these  systems  be  considered  wherever  possible  and  that  less  interfering 
designs  be  investigated. 

Insulating  powder  and  insulating  concrete  systems  which  are  not  approved 
for  Class  A  or  Class  B  sites  did  not  perform  well  in  general.  Although  only  a 
few  systems  were  observed,  the  results  suggest  that  these  systems  are  not 
suitable  for  new  construction. 

The  half-round  clay  tile  systems  observed  were  in  relatively  good  condi¬ 
tion,  but  repair  is  difficult.  Because  of  this  difficulty,  it  appears  that 
their  use  should  be  avoided. 

Insufficient  data  were  obtained  to  assess  the  performance  of  FRP  systems. 
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APPENDIX  A: 


,  SUMMARY  OF  CRITERIA  ESTABLISHED  BY  CE-301.21  AND  FCGS  15705 

I 

Summary  of  Criteria  Established  by  CE-301.21 
Site  Classification 

Two  sets  of  criteria  for  constructing  underground  systems  are  recommend¬ 
ed:  Class  A  for  wet  conditions  and  CLass  B  for  dry  conditions. 

Class  A  sites  are  those  where  the  water  table  or  standing  water  is  expec¬ 
ted  to  be  above  the  bottom  of  the  system  at  any  time.  To  make  this  determina¬ 
tion,  a  field  investigation  is  necessary  to  establish  (1)  the  elevation  of  the 
maximum  water  table,  and  (2)  the  probability  of  surface  runoff  seeping  into 
the  backfilled  trench  and  percolating  down  toward  the  underground  system  at  a 
rate  greater  than  the  ability  of  the  ground  beLow  the  system  to  carry  off  the 
water.  This  investigation  involves  making  percolation  tests  and  soil  borings; 
identifying  underground  swales;  and  determining  the  probability  of  flooding  or 
ponding  due  to  local  rainfall,  snow  melting,  or  irrigation. 

Class  B  sites  are  those  where  water  or  the  water  table  will  not  rise 
above  the  bottom  of  the  system  as  determined  from  a  detailed  survey.  The  soil 
in  these  sites  will  be  coarse-grained  with  fai r-to-excel lent  drainage  charac¬ 
teristics  as  defined  in  the  unified  classification  system  of  Military  Standard 
Mil  STD-619B. 

Site  classif ication  according  to  CE-301.21  requires  a  thorough  investiga¬ 
tion  of  ground  water  conditions  except  where  information  is  available  to  posi¬ 
tively  identify  the  site  as  Class  A  or  B.  If  adequate  information  is  not 
available,  a  soil  survey  of  the  site  will  be  made.  Wherever  the  soil  survey 
indicates  that  the  ground  above  the  bottom  of  the  system  between  adjacent  man¬ 
holes  will  be  saturated  at  any  time,  the  site  between  the  manholes  will  be 
considered  wet,  and  onLy  Class  A  systems  will  be  used. 

Soil  Investigation 

The  investigation  will  take  note  of  the  probability  of  surface  runoff 
seeping  into  the  backfill  trench  and  percolating  down  toward  the  underground 
system  at  a  rate  greater  than  the  ability  of  the  ground  below  the  system  to 
carry  off  the  water.  Determination  should  be  made  regarding  the  probability 
of  flooding  the  system  trench  because  of  normal  or  wet  seasonal  high  ground- 
water  table  or  because  of  local  rainfall,  melting  of  snow,  or  irrigation. 
Special  notice  should  be  taken  of  those  areas  where  surface  ponding  may  occur 
either  along  a  sloping  surface  or  in  low,  flat  areas.  The  permeability  of  the 
ground  below  the  level  of  the  system  should  be  ascertained. 

Soil  Survey 

Highest  Water  Table.  The  survey  will  be  made,  if  possible,  at  the  time 
of  year  when  it  is  expected  that  the  highest  water  table  will  exist. 


Formation.  The  formation  of  the  area  along  which  the  underground  system 
is  to  be  laid  will  be  established  by  borings,  test  pits,  or  other  suitable 
means.  The  explorations  should  be  made  at  least  every  100  ft  along  the  line 
of  the  proposed  system.  If  the  borings  indicate  any  definite  change  in  the 
underground  conditions  between  successive  holes,  such  additional  borings 
should  be  made  as  necessary  to  determine  the  actual  underground  conditions 
along  the  system  line.  In  planning  the  locations  for  the  explorations,  spe¬ 
cial  consideration  should  be  given  to  slopes,  hillocks,  and  swales  that  exist 
along  the  system  line.  The  explorations  should  extend  below  the  expected  ele¬ 
vation  of  the  system  at  sufficient  distance  to  ascertain  whether  seepage  from 
rainfall  will  flow  beyond  and  below  the  system  or  will  become  perched  on  an 
impermeable  stratum  below  the  pervious  material. 

Absorption  Test.  The  proper  interpretation  of  the  data  obtained  from  the 
underground  explorations  must  be  carefully  made.  The  following  absorption 
test  should  be  employed  to  determine  whether  ground  conditions  above  the  bot¬ 
tom  of  the  proposed  system  will  be  saturated  at  any  time.  Percolation  tests 
should  be  made  along  the  line  of  the  system  at  intervals  not  exceeding  100  ft, 
and  less  if  the  explorations  required  above  indicate  appreciable  differences 
in  soil  percolation  characteristics.  The  tests  will  be  made  by  digging  a  hole 
approximately  1  ft  square,  or  1  ft  in  diameter,  to  a  depth  of  2  ft  below  the 
approximate  bottom  of  the  proposed  system.  This  hole  will  be  filled  with 
water  to  the  elevation  of  the  bottom  of  the  proposed  system.  After  the  water 
has  completely  seeped  away,  the  hole  will  be  immediately  refilled  with  water 
to  the  same  depth.  The  time  required  for  the  water  level  to  drop  2  in.  will 
be  observed  and,  if  this  time  is  20  minutes  or  less,  the  soil  will  be  consid¬ 
ered  dry  (type  B  site);  otherwise,  the  soil  will  be  considered  saturated  at 
times  (type  A  site). 

Depth  of  Water  Below  System.  If  the  soil  fails  to  meet  the  percolation 
test  requirements,  then  no  further  tests  are  required  and  a  class  A  system 
will  be  used.  If  the  percolat;  >n  requirements  are  met,  then  the  percolation 
test  holes  should  be  deepened  an  additional  3  ft  to  determine  if  the  water 
table  is  within  5  ft  of  the  bottom  of  the  proposed  system. 


Cathodic  Protection  of  System.  Soil  resistivity  readings  along  the  pro¬ 
posed  line  of  the  underground  system  should  be  taken.  If  soil  resistivity 
readings  are  less  than  3000  ohms  per  cubic  centimeter  (ohm/cm^),  cathodic  pro¬ 
tection  should  be  designed  and  made  a  requirement  in  the  contract  specifica¬ 
tion  for  steel  casing  systems.  If  soil  resistivity  readings  are  between  3000 
and  10,000  ohm/cnr,  a  detailed  investigation  of  the  need  for  cathodic  protec¬ 
tion  should  be  undertaken,  and  if  a  decision  is  made  to  require  cathodic  pro¬ 
tection  it  should  be  designed  and  made  a  requirement  in  the  contract  specifi¬ 
cation  for  steel  casing  systems. 


Soil  Stability.  As  the  above  surveys  are  being  conducted,  observations 
about  the  stability  of  the  soil  should  be  noted. 

System  Watertightness 

Class  A  systems  were  defined  as  being  a  pressure-testable  system  which  is 
capable  of  withstanding  a  15-lb  air-pressure  test;  Class  B  systems  were 
defined  as  being  nonpressure-testable. 


The  watertightness  of  Type  A  conduits  (tor  Class  A  sites)  must  be  proven 
following  construction  by  maintaining  an  internal,  air  pressure  of  15  psig  for 
a  period  of  2  hours.  In  addition,  end  plates  at  manhoLes  are  required  to  have 
vents  and  drain  pLugs,  and  the  system  is  to  be  designed  to  maintain  a  1-in. 
air  space  between  the  insulation  and  the  outer  casing.  The  vent  would  permit 
early  detection  of  water  in  the  system,  while  the  air  space  and  drain  would 
allow  draining  and  drying  of  the  system.  Repressurizing  the  system  provides  a 
means  for  insuring  that  repairs  are  effective. 

The  watert ightness  of  Type  B  systems  (for  Class  B  sites)  only  has  to  be 
proven  in  a  laboratory  test.  In  this  test,  the  conduit  would  be  submerged 
under  a  head  of  water  for  a  period  of  24  hours.  No  test  is  required  to  prove 
the  watertightness  of  Type  B  systems  during  construction. 

Materials,  Design,  and  Construction 

Installers  of  both  Class  A  and  B  systems  are  required  to  show  proof  of 
compliance  with  specific  detailed  criteria  for  materials,  design,  and  con- 
s t  rue t ion . 


Waterproofing  Materials.  Waterproofing  materials  are  required  to  pass  a 
series  of  laboratory  tests  to  show  compliance  with  minimum  standards.  Sheet 
materials  are  to  be  tested  for  tensile  strength,  tear  resistance,  shrinkage, 
resistance  to  acids  and  alkalies,  permeability,  weight  loss,  and  ability  to 
seal  after  aging.  Bitumastic  and  asphaltic  materials  are  usually  used  on 
metallic  conduits,  since  their  physical  characteristics  in  underground  appli¬ 
cations  are  well  known.  Thus,  the  required  laboratory  tests  are  limited  only 
to  permeability  and  slump  or  flow  in  the  anticipated  temperature  ranges. 

Coatings  for  Metallic  Conduits.  In  addition  to  the  laboratory  tests, 
coatings  on  metallic  conduits  must  be  field-tested  with  a  wire  brush  holiday 
detector  at  between  7500  to  10,000  volts  prior  to  backfilling.  In  some  cases, 
an  outer  wrap  of  asbestos  pipeline  felt  or  similar  material  must  be  applied  on 
waterproofed  metallic  casings.  The  outer  wrap  on  the  casings  would  minimize 
damage  to  the  coating  during  shipping,  storage,  installation,  and  backfilling. 


Strength  of  Nonmetallic  Casings.  Nometallic  casings  are  to  have  minimum 
crushing  strength  characteristics  as  specified  in  ASTM-C-13.  Minimum  thick¬ 
nesses  are  established  for  black  steel  casings,  galvanized  steel  casings,  and 
for  joints  which  require  welding. 


Insulat  ion.  Insulation  is  to  be  of  a  type  which  could  be  boiled, 
drained,  and  dried  and  still  retain  90  percent  of  its  original  thermal  effi 
ciency.  Specific  minimum  thicknesses  are  also  indicated. 


Joining  of  Pipes .  Cr i 
carrying  pipes  include  the 
proper  design  of  loops  (inc 
similar  metals,  and  hydrost 


teria  to  reduce  water-caused  failures  of  the  heat- 
use  of  seamless  pipes,  certification  of  welders, 
luding  cold  springing),  limiting  the  use  of  dis- 
atic  pressure  tests  after  installation. 


Manholes .  Recommendations  for  manholes  include  design  spec i f ica t ions  on 
manhole  drainage,  ventilation,  waterproofing,  access,  and  working  area. 
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Mi  seel l aneous .  Other  recommendations  consist  of  design  specifications 
for  pipe  supports,  anchors,  system  slope,  building  and  manhole  connections, 
and  transition  to  above-ground  systems,  as  well  as  other  system  components. 
Particular  attention  should  be  paid  to  backfilling  and  compacting  trenches. 
Hand  filling  and  tamping  with  selected  materials  to  1  ft  above  the  top  of  the 
conduit  is  a  minimal  requirement. 

Contracting  and  Inspection  Procedures 

A  manufacturer 1 s  representative  must  be  present  during  critical  periods 
of  installation.  The  representative  would  supervise  construction  and  bring 
any  problems  peculiar  to  the  site  to  the  attention  of  installation  personnel. 

The  manufacturer  certifies  that  the  installation  of  the  conduit  system  is 
done  in  accordance  with  his  recommendations  and  that  the  materials  used  are 
identical  to  those  which  had  sat i s f ac tor i 1 y  passed  the  laboratory  tests. 

Concrete  Trenches 

Concrete  trench  systems  are  allowed  as  an  option  to  prefabricated  systems 
in  Class  B  areas,  but  require  the  installation  of  a  positive  means  for  manhole 
drainage. 


Summary  of  Criteria  Established  by  FCGS  15705 

Systems  Approach  to  Procurement 

The  Federal  Construction  Council  undertook  the  systems  approach  for  the 
procurement  of  heat  distribution  systems  whereby  the  system  supplier  (ordinar¬ 
ily  the  manufacturer  of  one  or  more  of  the  major  elements  of  the  system) 
assumes  responsibility  for: 

1.  Designing  and  fabricating  or  specifying  all  components  required  for 
the  proper  functioning  of  the  system  under  the  conditions  in  which  it  is 
intended  to  be  used 

2.  Selecting  the  proper  set  of  components  to  be  employed  for  a  particu¬ 
lar  project  to  satisfy  the  general  requirements  set  forth  by  the  project 
designer  in  contract  documents 

3.  Ensuring  that  the  components  selected  are  fabricated  and  installed 
properly. 

System  Design  Criteria 

To  permit  a  potential  bidder  on  a  project  to  determine  whether  the  system 
he  proposes  to  supply  is  generally  suitable  for  the  application  and,  if  it  is, 
what  specific  combination  of  system  components  must  be  supplied  and  what  spe¬ 
cial  precautions  must  be  taken  during  installation,  the  project  designer 
should  include  in  contract  documents  the  site  condition  information  specified 
below.  If  conditions  vary  along  the  proposed  path  of  the  system,  the  project 
designer  should  define  the  conditions  for  each  different  segment  of  the  sys- 


Underground  Water  Condition  Class i f i cat i on .  The  underground  water  con¬ 
ditions  at  a  site  are  classified  as  severe,  bad,  moderate,  or  miid  on  the 
basis  of  the  following  definitions: 

a.  Severe  (A) — The  water  tabLe  is  expected  to  be  above  the  bottom  of  the 
system  frequently,  or  the  water  table  is  expected  to  be  occasionally  above  the 
bottom  of  the  system  and  surface  water  is  expected  to  accumulate  and  remain 
for  long  periods  in  the  soil  surrounding  the  system. 

b.  Bad  (B) — The  water  table  is  expected  to  be  above  the  bottom  of  the 
system  occasional ly,  and  surface  water  is  expected  to  accumulate  and  remain 
for  short  periods  (or  not  at  all)  in  the  soil  surrounding  the  system;  or  the 
water  table  is  expected  never  to  be  above  the  bottom  of  the  system,  but  sur¬ 
face  water  is  expected  to  accumulate  and  remain  for  long  periods  in  the  soil 
surrounding  the  system. 

c.  Moderate  (C) — The  water  tabLe  is  expected  never  to  be  above  the  bot¬ 
tom  of  the  system,  but  surface  water  is  expected  to  accumulate  and  remain  for 
short  periods  in  the  soiL  surrounding  the  system. 

d.  Mild  (D) — The  water  table  is  expected  never  to  be  above  the  bottom  of 
the  system  and  surface  water  is  not  expected  to  accumulate  or  remain  in  the 
soil  surrounding  the  system. 

If  at  all  practicable,  a  soiLs  engineer  familiar  with  underground  water  con¬ 
ditions  at  the  site  should  be  employed  to  establish  the  classification.  Table 
Al  summarizes  the  site  classifications  and  the  factors  which  affect  site  clas¬ 
sification. 


Soil  Corrosiveness  Classification.  The  soils  at  a  site  should  be  classi¬ 
fied  as  corrosive,  mildly  corrosive,  or  noncorrosive  on  the  basis  of  the  fol¬ 
lowing  criteria: 

*> 

a.  Corrosive — The  soil  resistivity  is  less  than  10,000  ohm/cm  ,  or  stray 
direct  currents  can  be  detected  underground;  all  sites  classified  as  having 
severe  water  conditions  should  be  classified  as  corrosive. 


b.  Mildly  Corrosive — The 


but  less  than 
underground . 


30,000  ohm/cnT 


soil  resistivity  is  10,000  ohm/cmJ  or  greater 
and  no  stray  direct  currents  can  be  detected 


c.  Noncorrosive — The  soil  resistivity  is  30,000  ohm/cur  or  greater,  and 
no  stray  direct  currents  can  be  detected  underground. 


The  classification  should  be  made  by  an  experienced  corrosion  engineer  based 
on  a  field  survey  of  the  site  carried  out  in  accordance  with  recognized  guide¬ 
lines  for  conducting  such  surveys.  The  results  of  the  field  survey  should  be 
summarized  in  a  report  and  submitted  by  the  design  organization  to  the  con¬ 
tracting  officer  with  contract  documents. 


Soil  pH.  If  there  is  any  reason  to  suspect  that  the  soil  pH  will  be  less 
than  5.0  anywhere  along  the  proposed  path  of  the  system,  pH  measurements 
should  be  made  at  cLose  intervals  aLong  the  proposed  route,  and  all  Locations 
in  which  the  pH  is  Less  than  5.0  shouLd  be  indicated  in  the  contract 


55 


documents.  Soil  pH  should  be  determined  by  .in  experienced  soils  engineer, 
preferably  Che  same  engineer  responsible  for  other  soils  engineering  work. 


Soil  Stability.  The  load-bearing  qualities  of  the  soil  in  which  the  sys¬ 
tem  will  be  installed  should  be  investigated  by  an  experienced  soils  engineer, 
again  preferably  the  same  engineer  responsible  for  other  soils  engineering 
work,  and  the  location  and  nature  of  potential  soils  problems  should  be  iden¬ 
tified. 


System  Requirements 

Systems  are  designed  for  particular  sites.  Table  A2  summarizes  the  sys¬ 
tems  which  are  suitable  for  different  groundwater  conditions  according  to  FCGS 
15705. 


System  Insulation 

System  insulation  requirements  shouLd  be  specified  in  contract  documents 
in  terms  of  the  maximum  permissible  heat  loss,  in  Btu/ft-hr,  for  each  pipe  in 
each  section  of  the  system.  The  maximum  permissible  heat  loss  value  should  be 
determined  on  the  basis  of  an  economic  analysis  performed  in  accordance  with 
the  procedures  presented  in  the  Appendix  to  FCGS  15705  or  through  use  of  an 
agency-supplied  computer  program.  The  earth  temperature,  earth  thermal  con¬ 
ductivity  factor,  and  depth  of  burial  assumed  in  the  analysis  should  also  be 
shown  in  contract  documents.  Condensate  lines  should  be  buried  directly  with¬ 
out  insulation  unless  their  insulation  would  offer  a  substantial  economic 
advantage. 


Table  A2 


Types  of  Systems  Suitable  for  Use  with  Various  Underground 
Water  Conditions  (FCGS  15705) 


Suitable  Types  of  System 
Underground  Water  Relative  to  Resistance  to 
Condition  Groundwater  Infiltration 


Suitable  Types  of  System 
Relative  to  Resistance 
to  Water  Damage 

.  •  .  '  # 


Severe 


Bad 


I 


Moderate 


Mild 


Air-pressure- testable 
conduit  (15  psig  minimum 
test  pressure) 

Ai r-pressure-tes table 
conduit  (15  psig  minimum 
test  pressure) 

or 

Prefabricated  non-air- 
pressure-testable  conduit 
(capable  of  resisting  a 
20  ft  head  of  water) 

Ai r-pressure-tes table 
conduit  (7-1/2  psig 
minimum  test  pressure) 

or  either  a 

Non-ai r-pressure-tes table 
conduit  or  an  insulating 
envelope  (capable  of 
resisting  a  5  ft  head  of 
water  if  a  groundwater 
drainage  system  is  not 
employed  or  a  2  ft  head  of 
water  if  a  groundwater 
drainage  system  is  employed) 

Air-pressure-testable 
conduit  (7-1/2  psig 
minimum  test  pressure) 

or  either  a 

Non-ai r-pres sure- test able 
conduit  or  an  insulating 
envelope  (capable  of 
resisting  a  1  ft  head  of 
water) 


Drainable  and  dryable 


Drainable  and  dryable  • 


or 


Water-spread 


limiting 


Drainable  and  dryable 


or 

Water-spread  limiting 


Drainable  and  dryable 


or 

Water-spread  limiting 
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APPEND  I  X  H: 


SITE  INSPECTION  DATA  AT  LOCATION  1,  FORT  KNOX,  KENTUCKY 


Team  Members 

Nicholas  Demetroulis,  NMD  &  Associates 
Frederick  Kisters,  CERL-EM 
Dale  Otterness,  DAEN-ECE-E 
Gary  Phetteplace,  CRREL 


Introduction 

Eleven  sites  were  inspected  at  this  location,  of  which  nine  were  prefab¬ 
ricated  conduit  systems.  The  other  two  (sites  3  and  11)  were  buried  concrete 
trench  systems;  the  top  slab  at  site  3  was  removable,  but  was  cast  in  place  at 
site  11.  Of  the  nine  prefabr icated  systems,  four  were  C-l  systems  in  which 
the  supply  and  the  return  lines  were  in  separate  conduits.  The  remainder  were 
C-2  systems  in  which  the  supply  and  the  return  lines  were  in  the  same  conduit. 
Site  10  was  a  C-2  system  which  replaced  a  C-l  system  that  had  failed  after  12 
years  of  operation. 

The  precipitation  at  this  location  averages  46  to  53  in.  per  year.  The 
soil  was  mostly  heavy  red  clay  with  minor  sand  inclusions.  Soil  along  the 
excavation  was  moist.  However,  there  was  no  evidence  of  a  perched  water  table 
at  the  conduit  Level.  Conduit  systems  at  the  nine  sites  were  procured  in 
accordance  with  the  Tri-Service  Specification  for  a  Class  A  underground  heat 
distribution  system. 


Ceneral  Observations  and  Comments  From  System  Users 

The  soil  was  quite  corrosive  in  this  location.  Resistivity  values  ranged 
from  1800  to  10,000  ohm/cm  .  Cathodic  protection  should  have  been  put  in 
according  to  the  Tri-Service  Specification;  however,  none  had  been  installed. 

The  coatings  on  the  end  plates  of  alL  the  prefabricated  conduits  were 
worn  away,  and  some  of  the  end  plates  were  corroded  through. 

Of  the  13  manholes  inspected,  only  the  one  adjacent  to  site  11  was  dry 
and  had  a  working  sump  pump.  All  the  others  contained  water. 

Excavating  near  the  pipes  and  cutting  into  the  casing  revealed  that  sev¬ 
eral  systems  were  dry  and  in  good  condition.  However,  water  intrusion  was 
apparent  at  about  half  the  sites. 


Site  Observation 


Site  # 1 

Location.  Between  Buildings  1725  and  1726;  the  excavation  site  was  20  ft 
from  manhole  A.  Manhole  B  was  located  about  250  ft  away  in  a  gully  15  ft 
below  excavation. 

Date  of  Inspection.  22  June  1981. 

Date  of  Conduit  Installation.  1971. 

Age  of  Conduit.  10  years. 

System  Description  and  Known  History.  The  steam  line  was  4  in.  in  diam¬ 
eter  with  2  in.  of  calcium  silicate  insulation.  There  was  1  in.  of  annular 
air  space  between  the  insulation  and  the  casing. 

This  system  operated  only  in  winter  and  was  off  during  the  inspection. 

The  steam  pressure  during  operation  was  40  psig.* 

Excavation  Characteristics. 

1.  Soil  Condition:  The  excavation  was  in  flat  terrain.  The  soil  resis¬ 
tivity  was  8000  to  10,000  ohm/cm  . 

2.  Depth  of  Burial:  5  ft. 

Adjacent  Manhole. 

1.  Manhole  Condition: 

(a)  Arrangement:  Two  adjacent  concrete  manholes  were  inspected. 
Manhole  A  was  7  ft  by  7  ft  by  6  ft  deep,  and  manhole  B  was  7  ft  by  7  ft  by  12 
ft  deep.  The  conduit  penetrated  into  manhole  A  at  3  ft  below  grade. 

(b)  Accessibility:  There  was  no  access  ladder. 

(c)  Piping  and  Components:  The  insulation  and  corrugated  aluminum 
covering  were  in  good  condition. 

(d)  Flooding  and  Drainage:  There  were  2  ft  of  water  and  debris  in 
manhole  A,  and  3  in.  of  water  and  debris  in  manhole  B.  There  was  also  a 
previous  watermark  at  the  2-ft  level  in  manhole  B. 

(e)  Ventilation:  Six-in.  gooseneck  vents  were  installed  in  manholes 

A  and  B. 


*Use  the  following  metric  conversion  for  measurements  used  in  these  append¬ 
ices:  1  psig  =  6.895  x  10^  Pa;  1  in.  =  2.54  cm;  and  1  ft  =  30.48  cm. 
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2.  System  Penetration: 


(a)  Accessibility  for  Maintenance  and  Inspection:  Flooding  made  the 
area  inaccessible,  and  there  was  congestion  in  the  end  plate  area. 

(b)  End  Plate:  No  data  were  obtained. 

(c)  Waterproof  Casing  Coating:  The  coating  had  deteriorated,  and  the 
resultant  corrosion  on  the  conduit  end  pLate  was  severe. 

(d)  Drainage  Opening  for  Conduit  Interior:  The  opening  could  not  be 

located. 

(e)  Vent  Pipe  for  Conduit  Interior:  Vents  on  the  end  plates  of  the 
conduits  were  connected  on  the  bottom  of  the  end  plate  in  lieu  of  a  proper 
connection  on  the  top  plug. 

Conduit. 


1.  Conduit  Coating:  The  conduit  coating  was  chipped  off,  and  some  bare 
surface  was  exposed.  No  felt  or  fiberglass  mesh  was  found. 

2.  Exterior  Surface  of  Conduit:  The  exterior  surface  of  the  conduit  was 
badly  corroded. 

3.  Interior  Surface  of  Conduit:  There  was  no  evidence  of  corrosion  or 
deterioration. 

I 

4.  Pipe  Support:  There  was  no  evidence  of  excessive  heat  transfer  to 
the  outer  casing  and  no  blockage  of  the  drain  openings  at  the  support. 

Thermal  Insulation.  The  insulation  was  dry  and  solid  and  showed  no  evi- 
I  dence  of  deterioration. 

Heat-Carrying  Pipe.  There  was  no  indication  of  corrosion  on  the  supply 
pipe  exterior. 

Site  #2 

Location.  The  excavation  site  was  about  30  ft  from  a  manhole  located 
between  Buildings  1478  and  1479. 

Date  of  Inspection.  22  June  1981. 

Date  of  Conduit  Installation.  1975. 


Age  of  Conduit.  6  years. 

System  Description  and  Known  History.  The  steam  line  was  2  in.  in  diame¬ 
ter  with  1.5  in.  of  calcium  silicate  insulation.  There  was  1  to  1.5  in.  of 
annular  air  space  between  the  insulation  and  the  casing.  The  system,  which 
operated  continuously,  had  a  steam  pressure  of  15  psig  during  the  inspection. 


Excavation  Character i s t i cs . 


1.  Soil  Condition:  The  excavation  was  in  flat  terrain.  The  soil  was 
extremely  corrosive,  the  resistivity  was  only  1800  ohm/cm'3. 

2.  Evidence  of  Excessive  Heat  Loss:  There  was  no  indication  of  burned 
grass  which  would  have  been  evidence  of  excessive  heat  loss.  The  soil  temper¬ 
ature  was  103°F  at  10  in.  below  grade  at  a  point  directly  above  the  conduit 
and  82°F  6  ft  away  from  the  conduit.  The  temperature  dropped  to  72°F  20  ft 
away  from  the  conduit  centerline.  The  conduit  steamed  when  the  opening  was 
cut  for  the  inspection. 

3.  Depth  of  Burial:  3.33  ft. 

4.  Backfill:  No  selected  backfilL  was  used,  and  no  debris  was  observed. 

Adjacent  Manhole. 

1.  Manhole  Condition: 

(a)  Arrangement:  The  size  of  the  concrete  manhole  was  7.5  ft  x  7.5 
ft  x  7.5  ft  deep.  The  invert  of  conduit  was  4  ft  below  grade. 

(b)  Accessibility:  The  access  ladder  rungs  were  severely  corroded. 

(c)  Piping  and  Components:  The  piping  was  severely  corroded,  and 
some  insulation  was  missing. 

(d)  Flooding  and  Drainage:  There  were  15  in.  of  water  in  the  manhole 
with  a  previous  high  waterline  at  21  in.  A  sump  pit  was  provided  in  the  cor¬ 
ner  of  the  manhole,  but  no  sump  pump  was  installed. 

(e)  Ventilation:  No  ventilation  was  provided. 

(f)  Manhole  Structure:  There  was  no  significant  exterior  waterproof¬ 
ing. 

2.  System  Penetration: 

(a)  End  Plate:  No  data  were  obtained. 

(b)  Waterproof  Casing  Coating:  No  coating  was  observed.  The  conduit 
and  end  plates  were  so  severely  corroded  that  water  was  able  to  enter  the  con- 
dui  t . 

(c)  Vent  Pipe  for  Conduit  Interior:  There  were  no  vent  pipes  on  the 
conduit  end  plates,  and  the  vent  opening  was  pLugged. 

(d)  Seal  Around  Conduit:  The  packing  between  the  conduit  casing  and 
the  concrete  wall  sleeves  was  badly  deteriorated  and  might  have  been  the  point 
of  entry  for  water  into  the  manhole. 

Conduit . 


1.  Conduit  Temperature:  The  temperature  was  measured  at  130°  to  140Jr 
on  the  coating  and  at  160“  to  170"?  directly  on  he  steel  casing. 
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2.  Conduit  Coating:  Some  felt  wrapping  was  peeling  off.  The  bituminous 
undercoating  was  heLd  together  by  fiberglass  wrap. 

|  3.  Exterior  Surface  of  Conduit:  There  was  no  rust  or  evidence  of  corro¬ 

sion. 

4.  Interior  Surface  of  Conduit:  There  was  uniform  corrosion  on  the  con¬ 
duit's  interior  surface. 

I  5.  Inside  of  Exposed  Surface:  A  layer  of  wet  mud  about  0.5  in.  thick 

was  found  at  the  bottom  of  the  casing. 

Thermal  Insulation.  The  thermal  insulation  was  dry  and  intact. 

,  Heat-Carrying  Pipes.  Scattered  corrosion  was  observed  on  the  supply  pipe 

i  exterior  (estimated  at  less  than  0.005  in.  thick);  the  rust  residue  scraped 

off  easily. 

Site  #5 

Location.  The  excavation  site  was  located  between  Buildings  68  and  87. 

I  The  site  was  about  20  ft  from  a  manhole  and  30  ft  from  the  building  housing 

the  boiler. 


Date  of  Inspection.  23  June  1981 
Date  of  Trench  Installation.  1940. 

Age  of  Trench.  41  years. 

System  Description  and  Known  History.  This  was  a  buried  concrete  trench 
system  with  a  removable  top  slab.  The  internal  dimension  of  the  trench  was 
about  1.5  ft  wide  and  1  ft  deep.  The  concrete  cover  slab  was  3  in.  thick  and 
5  ft  long.  Inside  the  trench  was  a  hot  water  system  with  two  4-in.  lines. 
This  system  was  operated  only  in  winter  and  was  off  during  the  inspection. 

The  operating  water  temperature  was  160° F. 


Excavation  Characteristics. 


1.  Soil  Condition:  The  excavation  was  in  flat  terrain.  The  soil  was 
dark  loam  and  appeared  to  have  excellent  percolation  characteristics. 
Although  no  water  table  was  encountered,  the  soil  was  wet  at  the  conduit 
level.  The  soil  resistivity  was  7200  ohm/cm  . 


2.  Depth  of  Burial:  The  top  slab  was  about  3  ft  below  grade. 
Adjacent  Manhole. 

1.  Manhole  Condition: 


(a)  Arrangement:  The  manhole  was  constructed  of  concrete  blocks  with 
mortar  joints.  Although  the  blocks  appeared  sound,  the  joints  were  badly 
deteriorated.  The  dimensions  were  7  ft  by  7  ft  by  5  ft  deep.  At  the  manhole 
entry,  the  bottom  of  the  trench  was  4  ft  below  grade. 
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(b)  Piping  and  Components:  The  uncovered  piping  and  valves  were  cor¬ 
roded  and  the  valve  packings  were  leaking. 

(c)  Flooding  and  Drainage:  There  was  1  in.  of  wet  mud  on  the  manhole 
floor,  and  there  was  a  waterline  above  the  conduit  level. 

(d)  Ventilation:  No  ventilation  was  provided. 

2.  System  Penetration:  The  concrete  trench  was  not  sealed  at  the  man¬ 
hole  wall . 


Trench. 

1.  Coating:  There  was  no  evidence  of  waterproofing  on  the  exterior  sur¬ 
face. 

2.  Bottom  and  Side  Slab:  The  slabs  were  4  in.  thick  and  in  excellent 
condition.  However,  there  was  a  0.75-in.  layer  of  wet  mud  on  the  floor. 

3.  Top  Slab:  The  top  slab  was  damaged  in  previous  maintenance  work  and 
had  an  8  in.  by  6  in.  hole;  the  soil  had  entered  the  manhole  at  an  edge. 

4.  Joints:  The  mortar  joints  between  the  top  slabs  had  deteriorated, 
leaving  a  1-in.  gap  at  each  joint.  Mortar  used  between  the  top  and  side  slabs 
was  also  severely  deteriorated. 

Thermal  Insulation.  There  was  no  insulation  on  the  piping. 

Heat-Carrying  Pipes.  Piping  was  heavily  corroded  in  small  areas.  Corro¬ 
sion  was  particularly  severe  immediately  below  the  hole  in  the  top  slab  and  at 
the  open  joints  between  the  top  slabs.  Corrosion  product  buildup  was  about 
0.2  in. 

Site  U 

Location.  The  excavation  site  was  between  Buildings  2961  and  2963.  The 
site  was  closer  to  Building  2963,  which  housed  the  boiler.  A  sump  pit  located 
in  the  boiler  plant  was  inspected. 

Date  of  Inspection.  23  June  1981. 

Date  of  Conduit  Installation.  1968. 

Age  of  Conduit.  13  years. 

System  Description  and  Known  History.  The  steam  line  was  2.5  in.  in 
diameter  with  2  in.  of  calcium  silicate  insulation.  There  was  a  1-in.  annular 
air  space  between  the  insulation  and  the  casing.  The  system  was  intermittent 
and  was  off  during  inspection.  The  operating  steam  pressure  was  40  psig. 


Excavation  Characteristics. 


1.  Soil.  Condition:  The  excavation  was  in  flat  terrain,  and 
the  conduit  level  was  moist  to  wet.  The  water  table  was  observed 
below  the  conduit,  and  the  soil  resistivity  was  7400  ohm/cm  . 


the  soil  at 
about  6  in. 


2.  Depth  of  Burial:  4.5  ft. 

Adjacent  Sump  Pit. 

1.  Pit  Condition: 

(a)  Arrangement:  The  concrete  sump  pit  was  5  ft  by  5  ft  by  6  ft 
deep.  The  invert  of  the  conduit  at  the  wall  was  4.5  ft  below  grade. 

(b)  Piping  and  Components:  All  piping  and  equipment  in  the  sump  pit 
was  heavily  corroded  Insulation  was  deteriorated. 


(c)  Flooding  and  Drainage:  There  were  about  3.5  ft  of  water  in  the 
pit.  The  sump  pump  was  inoperative. 

(d)  Ventilation:  There  was  no  ventilation. 


2.  System  Penetration: 

(a)  End  Plate:  Data  were  not  obtained. 

(b)  Waterproof  Casing  Coating:  One  end  plate  was  immersed  in  water, 
and  its  paint  had  peeled  off.  The  plate  was  corroded  through  and  allowed 
water  to  enter  directly  into  the  conduit  casing. 

(c)  Vent  Pipe  for  Conduit  Interior:  There  was  no  vent  pipe. 

Conduit . 


1.  Conduit  Coating:  The  felt  wrapping  and  bituminous  coating  were  in 
excellent  condition. 

2.  Exterior  Surface  of  Conduit:  There  was  no  evidence  of  corrosion. 

3.  Interior  Surface  of  Conduit:  Some  minor  corrosion  was  observed. 

4.  Inside  of  Exposed  Conduit:  Water  covered  the  piping  in  the  conduit. 

Thermal  Insulation. 

.  • 

1.  Insulation  Material:  The  insulation  was  still  intact,  but  was  thor¬ 
oughly  saturated  because  more  than  half  of  the  conduit  was  filled  with  water. 

2.  Tie-Strap:  The  stainless  steel  tie-strap  was  in  good  condition. 

Heat-Carrying  Pipes.  The  exterior  of  the  supply  pipe  was  corroded,  and  .  ® 

there  was  rust  on  the  contacting  thermal  insulation  block. 
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Site  U 


Location.  Excavation  was  about  10  ft  from  Building  2787.  There  was  no 
manhole  in  this  area.  • 

Date  of  Inspection.  23  June  1981. 

Date  of  Conduit  Installation.  1969. 

Age  of  Conduit.  12  years.  * 

System  Description  and  Known  History.  The  steam  line  was  2  in.  in  diame¬ 
ter  with  1.5  in.  of  calcium  silicate  insulation.  There  was  a  1-  to  1.5-in. 
annular  air  space  between  the  insulation  and  the  casing. 

The  system  operated  intermittently  and  was  off  during  the  inspection.  ® 

The  operating  steam  pressure  was  30  psig. 

Excavation  Characteristics. 


1.  Soil  Condition:  The  excavation  was  on  flat  terrain,  and  the  soil  was 
very  moist,  with  some  water  standing  in  the  area.  The  soil  resistivity  was 
4800  to  5000  ohm/cm'*. 

2.  Depth  of  Burial:  4.5  ft. 

Manholes .  There  were  no  manholes  at  this  site. 

Conduit . 

1.  Conduit  Coating:  The  coating  was  in  good  condition. 

2.  Exterior  Surface  of  Conduit:  There  was  no  evidence  of  corrosion. 

3.  Interior  Surface  of  Conduit:  There  was  some  minor  corrosion. 

4.  Other  Features,  Pipe  Support:  There  was  very  little  rust  on  the  pipe 
support,  and  there  was  no  blockage  of  the  drain  and  vent  openings  in  the  sup¬ 
port  . 

Thermal  Insulation.  The  insulation  was  dry  and  solid  and  showed  no  evi¬ 
dence  of  deterioration. 

Heat-Carrying  Pipe.  There  was  minor  corrosion  on  the  exterior  of  the 
supply  pipe. 

Site  #6 

Location .  The  excavation  site  was  near  Building  2963,  about  20  ft  from 
manhole  A. 


Date  of  Inspection.  24  June  1981. 
Date  of  Conduit  Installation.  1967. 
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Age  of  Conduit.  14  years. 


System  Description  and  Known  History.  The  5-in.  steam  line  and  the  2.5- 
in.  condensate  return  line  were  in  a  single  20-in.  steel  conduit.  The  insula¬ 
tion  on  the  top  of  the  heat-carrying  pipes  was  2  in.  thick.  There  was  a  1-in. 
to  1.5-in.  annular  air  space  between  the  insulation  and  the  casing.  The  system 
operated  only  in  winter  and  was  off  during  the  inspection.  The  steam  pressure 
at  operation  is  30  psig. 

Excavation  Characteristics. 

1.  Soil  Condition:  The  soil  resistivity  was  2400  to  3600  ohm/cmJ  (very 
corrosive ) . 

2.  Depth  of  Burial:  5  ft. 

Adjacent  Manholes. 


1.  Manhole  Condition: 

(a)  Arrangement:  Two  adjacent  concrete  manholes  were  inspected. 
Manhole  A  was  7  ft  by  7  ft  by  7  ft  deep;  manhole  B  was  7  ft  by  8  ft  by  7  ft 
deep.  The  invert  of  the  conduit  was  4.5  ft  beLow  grade  for  manhole  A  and  6  ft 
below  grade  for  manhole  B. 

(b)  Piping  and  Components:  The  piping  and  valves  were  beginning  to 
rust  in  manhole  A  and  were  severely  corroded  in  manhole  B. 

(c)  Flooding  and  Drainage:  There  were  2  in.  of  water  as  well  as  a 
12-in.  water  line  in  Manhole  A.  In  manhole  B,  there  were  18  in.  of  water, 
which  reached  to  the  midpoint  of  the  conduit  and  plate. 

(d)  Ventilation:  There  was  a  3-in.  vent  at  one  corner  in  manhole  A 
and  a  2.5-in.  vent  at  one  corner  in  manhole  B. 

(e)  Manhole  Structure:  On  the  exterior  surface,  only  a  thin  film  of 
black  paint  was  used  for  waterproofing.  According  to  the  guide  specification, 
asphalt  or  bituminous  coatings  are  required. 

2.  System  Penetration: 

(a)  End  Plate:  Data  were  not  obtained. 

(b)  Waterproof  Casing  Coating:  There  was  no  evidence  of  a  coating, 
and  the  end  plate  in  the  manhole  was  corroded  through. 

(c)  Vent  Pipe  for  Conduit  Interior:  There  was  no  vent  pipe  installed 
in  manhole  A. 

(d)  Seal  Around  Pipe:  The  gland  seal  flange  was  severely  corroded. 


Conduit . 


i.  Conduit  Coating:  In  some  places,  the  feLt  wrapping  and  bituminous 
coating  materials  were  not  properly  bonded  to  the  conduit. 


2.  Exterior  Surface  of  Conduit:  There  was  some  pitting  on  the  exterior 
surface. 

3.  Interior  Surface  of  Conduit:  There  was  some  pitting  on  the  interior 
surface . 


4.  Inside  of  Exposed  Conduit:  There  were  2  in.  of  water  in  the  conduit 

5.  Other  Features,  Pipe  Support:  The  pipe  support  was  rusted. 

Thermal  Insulation.  Insulation  on  top  of  the  5-in.  steam  line  was  moist 
but  not  deteriorated;  on  the  bottom  2.5-in.  return  line,  it  was  saturated. 
There  was  some  deterioration  of  the  return  line  insulation. 


Heat-Carrying  Pipes. 

1.  Supply  Pipe  Exterior:  There  was  light  pitting  on  the  steam  line. 

2.  Return  Pipe  Exterior:  There  was  scattered  severe  corrosion  on  the 
condensate  return  line. 

Site  #7 

Location.  The  excavation  was  located  15  ft  from  manhole  A  which  is 
closest  to  Building  5915. 

Date  of  Inspection.  24  June  1981. 

Date  of  Conduit  Installation.  1967. 


Age  of  Conduit.  14  years. 

System  Description  and  Known  History.  There  were  two  4-in.,  high-temper¬ 
ature  hot-water  lines  in  one  20-in.  steel  conduit.  The  insulation  was  2-in. 
thick  calcium  silicate.  There  was  a  1-  to  1.5-in.  annular  air  space  between 
the  insulation  and  casing.  The  system  operated  only  in  winter  and  was  off 
during  the  inspection.  The  operating  temperature  is  375°F. 

Excavation  Characteristics. 

1.  Soil  Condition:  The  terrain  was  flat,  and  the  soil  resistivity  was 
7000  to  9000  ohm/cm  . 

2.  Depth  of  Burial:  5  ft. 

Adjacent  Manholes. 

1.  Manhole  Condition: 

(a)  Arrangement:  Two  adjacent  concrete  manholes  were  inspected. 
Manhole  A  was  7  ft  by  7  ft  by  7  ft  deep;  and  manhole  B  was  7  ft  by  7  ft  by  7 
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ft  deep.  The  invert  of  the  conduit  was  4.5  ft  below  grade  for  manhoLe  A  and  5 
ft  for  manhoLe  B. 


(b)  Piping  and  Components:  The  piping  and  valves  were  heavily  cor¬ 
roded.  The  insulation  was  deteriorated  and  had  some  missing  portions. 

(c)  Flooding  and  Drainage:  Manhole  A  appeared  to  have  been  subjected 
to  repeated  flooding. 

(d)  Ventilation:  There  were  two  6-in.  gooseneck,  vents. 

2.  System  Penetration: 

(a)  End  Plate:  Data  were  not  obtained. 

(b)  Waterproof  Casing  Coating:  The  coatings  were  worn  away,  and  the 
end  plate  was  severely  corroded. 

Conduit. 


1.  Conduit  Coating:  The  coating  was  in  good  condition. 

2.  Exterior  Surface  of  Conduit:  The  exterior  surface  was  in  good  condi¬ 
tion. 

3.  Interior  Surface  of  Conduit:  The  interior  surface  was  in  good  condi¬ 
tion. 

4.  Inside  of  Exposed  Conduit:  The  flaky  insulation  at  the  bottom  was 
evidence  of  water  intrusion. 

Thermal  Insulation.  Insulation  on  the  top  4-in.  line  was  dry,  solid,  and 
in  good  condition.  Insulation  on  the  bottom  4-in.  line  had  some  flaking  in 
the  lower  portion. 

Heat-Carrying  Pipes.  The  pipes  were  in  good  condition. 

Site  # 8 

Location.  The  excavation  was  near  Building  6017,  15  ft  from  the  manhole. 

Date  of  Inspection.  24  June  1981. 

Date  of  Conduit  Installation.  1969. 


Age  of  Conduit.  12  years. 

System  Description  and  Known  History.  There  were  two  4-in.,  high-temper¬ 
ature  hot-water  lines  in  one  20-in.  steel  conduit.  The  insulation  was  a  2-in. 
thick  calcium  silicate  block.  There  was  a  1-  to  1.5-in.  annular  air  space 
between  the  insulation  and  the  casing.  The  system  operated  only  in  winter  and 
was  off  during  the  inspection.  The  operating  temperature  was  350°F. 


i 

Excavation  Character i s l i cs . 

I  1.  Soil  Condition:  The  terrain  was  flat,  and  the  soiL  resistivity  was 

1900  to  2400  ohm/cmj  (very  corrosive). 

2.  Depth  of  Burial:  5  ft. 

Adjacent  Manhole. 

^  1.  Manhole  Condition: 

(a)  Arrangement:  The  dimension  of  the  concrete  manhole  was  7  ft  by  9 
ft  by  8  ft  deep.  The  invert  of  the  conduit  was  5.5  ft  below  grade. 

(b)  Flooding  and  Drainage:  There  were  2  in.  of  water  in  the  manhoLe, 
and  there  was  a  watermark  about  18  in.  above  the  floor  to  the  bottom  of  the 
conduit  penetration. 

(c)  Ventilation:  There  were  two  6-in.  gooseneck  vents. 

2.  System  Penetration:  There  was  no  vent  pipe  for  the  conduit  interior. 

Conduit . 


1.  Conduit  Coating:  The  coating  was  in  good  condition. 

2.  Exterior  Surface  of  Conduit:  The  exterior  surface  was  in  good  condi¬ 
tion. 

3.  Interior  Surface  of  Conduit:  The  interior  surface  was  in  good  condi¬ 
tion. 

4.  Other  Features,  Pipe  Support  and  Field  Joint:  There  was  minor  rust 
on  the  pipe  support.  The  condition  of  coatings  at  the  field  joint  was  excel¬ 
lent  . 


Thermal  Insulation. 

1.  Insulation  Material:  The  insulation  material  was  in  good  condition. 

2.  Tie-Strap:  The  tie-strap  was  in  good  condition. 

Heat-Carrying  Pipes.  The  pipes  were  in  good  condition. 

Site  # 9 

Location.  The  excavation  was  located  between  the  hospital  and  the 
nurses1 quarters,  40  ft  from  the  manhole. 

Date  of  Inspection.  24  June  1981. 


Date  of  Conduit  Installation.  1969. 


System  Description  and  Known  History.  The  steam  line  was  5  in.  in  diame¬ 
ter  with  2-in.  calcium  silicate  insulation.  There  was  a  1-in.'  annular  air 
space  between  the  insulation  and  the  casing.  The  system  operated  continuously 
and,  during  the  inspection,  was  at  a  steam  pressure  of  100  psig.  *  ^ 

Excavation  Characteristics. 

1.  Soil  Condition:  The  excavation  was  located  in  a  valley  slightly 

below  the  bottom  of  the  manhole.  The  line  extends  upward  to  the  nurses’  quar¬ 
ters  which  are  about  20  ft  above  the  manhole.  The  soil  was  a  red  clay  with  *  ^ 

minor  sand  inclusions  and  was  moist  to  dry  at  the  conduit  level.  About  30  ft 

from  the  manhole,  there  was  a  drainage  ditch  with  standing  water.  The  water's 
elevation  was  about  the  same  as  it  was  at  the  bottom  of  the  manhole.  The  soil 
resistivity  was  6000  to  9000  ohm/cm^. 

2.  Evidence  of  Excessive  Heat  Loss:  An  area  of  burned  grass  about  3  ft 
wide  along  the  line  of  the  conduit  indicated  that  there  was  excessive  heat 
loss  from  the  system.  The  temperature  of  the  soil  was  112°F  at  10  in.  below 
grade  and  directly  above  the  conduit,  88°F  at  6  ft  from  the  conduit 
centerline,  and  80°F  at  20  ft  from  the  conduit  centerline. 

3.  Depth  of  Burial:  4.5  ft. 

Adjacent  Manhole. 

1.  Manhole  Condition: 

(a)  Arrangement:  The  concrete  manhole  was  8  ft  by  12  ft  by  12  ft 
deep.  The  invert  of  the  conduit  was  11.5  ft  below  grade. 

(b)  Accessibility:  The  manhole  was  too  hot  to  permit  entry.  The 
temperature  at  the  top  was  140°F  and  110°F  on  the  adjacent  slab. 

(c)  Piping  and  Components:  No  insulation  was  left  on  the  piping  and 
accessories.  The  piping  was  moderately  to  heavily  rusted. 

(d)  Flooding  and  Drainage:  There  were  4  in.  of  water  in  the  manhole, 
with  a  watermark,  observed  at  about  2.5  ft.  No  gravity  drain  was  found. 

(e)  Ventilation:  None.  • 

(f)  Manhole  Structure:  The  exterior  manhole  walls  were  not  properly 
waterproofed . 

2.  System  Penetration: 

.  • 

(a)  Accessibility  for  Maintenance  and  Inspection:  The  manhole  was 
too  hot  to  enter. 

(b)  End  Plate:  Data  were  not  obtained. 
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(c)  Waterproof  Casing  Coating:  The  penetration  was  rusted  through, 
exposing  the  interior  of  the  casing. 

(d)  Seal  Around  Conduit:  No  effective  seaL  was  found. 

Condui t . 

1.  Conduit  Temperature:  The  surface  temperature  on  top  of  the  coating 
was  150°F  and  was  180°F  after  the  coating  was  removed. 

2.  Conduit  Coating:  The  coating  appeared  to  be  somewhat  brittle  and  was 
not  bonded  securely  to  the  casing. 

3.  Exterior  Surface  of  Conduit:  There  were  scattered  corrosion  spots  on 
the  exterior  surface. 

4.  Interior  Surface  of  Conduit:  The  interior  surface  was  moderately 
corroded. 

Thermal  Insulation. 

1.  Insulation  Material:  The  insulation  had  deteriorated,  and  a  portion 
of  the  pipe  insulation  had  fallen  to  the  bottom  of  the  conduit. 

2.  Tie-Strap:  The  tie-strap  was  severely  corroded. 

Heat-Carrying  Pipes.  The  exterior  of  the  supply  pipe  was  mildly 
corroded. 

Site  #10 

Location.  Immediately  outside  of  boiler  plant. 

Date  of  Inspection.  25  June  1981. 

Date  of  Conduit  Installation.  1969. 

Age  of  Conduit.  12  years. 

System  Description  and  Known  History.  The  steam  line  led  to  a  manhole 
immediately  outside  the  boiler  plant  and  to  conduits  in  the  heat  distribution 
system.  About  600  ft  of  line  were  being  replaced.  In  the  abandoned  conduit, 
the  steam  and  condensate  pipes  were  in  separate  conduits;  however,  in  the  new 
lines,  they  were  in  the  same  conduit.  The  insulation  was  calcium  silicate, 
with  the  old  system  having  a  1-in.  air  space  between  the  insulation  and  the 
casing. 


Excavation  Characteristics.  The  boiler  plant  and  the  manhole  were  ele¬ 
vated,  and  the  conduits  of  the  distribution  system  sloped  down  from  the  plant. 
Difficulty  in  lining  up  the  conduit  may  have  been  caused  by  using  different 
backfilling  procedures  for  even  adjacent  trenches. 


Adjacent  ManhoLe. 

1.  ManhoLe  Condition: 

(a)  Arrangement:  The  concrete  manhoLe  was  8  ft  by  10  ft  by  15  ft 

deep. 


(b)  Flooding  and  Drainage:  A  watermark  was  located  at  the  4.5-ft 
level  (above  the  conduit  end  plate).  Other  watermarks  indicate  that  there 
were  leaks  at  the  manhole  corners.  No  gravity  drain  or  sump  pump  was  observed. 

(c)  Ventilation:  None. 

(d)  Manhole  Structure:  The  exterior  of  the  manhole  was  painted  with 
a  thin  black  film;  however,  the  film  was  not  effective  as  a  water  or  vapor 
barrier. 


2.  System  Penetration: 

(a)  End  Plate:  No  data  were  obtained. 

(b)  Waterproof  Casing  Coating:  The  coating  was  worn  away  from  the 
old  conduit  system.  The  end  plates  were  heavily  corroded  and  deeply  pitted. 

(c)  Drainage  Opening  for  Conduit  Interior:  The  drain  plug  was  miss¬ 
ing. 


(d)  Vent  pipe  for  Conduit  Interior:  No  pipe  was  observed.  • 

(e)  Seal  Around  Conduit:  There  was  a  large  gap  between  the  leak  seal 
and  the  hole  cut  at  the  manhole  inlet.  This  gap  could  be  a  potential  water 
intrusion  passage  if  it  is  not  sealed  properly. 

Conduit .  • 

1.  Conduit  Coating:  There  was  some  blistering  and  cracking  of  the  coat¬ 
ing,  indicating  a  long  exposure  to  high  temperatures. 

2.  Exterior  Surface  of  Conduit:  No  significant  rust  or  pitting  was  ob¬ 
served.  • 

3.  Interior  Surface  of  Conduit:  No  significant  rust  or  pitting  was  ob¬ 
served. 

4.  Other  Features,  the  Concrete  Blocks  at  the  Anchors:  The  concrete 

blocks  had  completely  disintegrated  to  a  mass  of  sand  and  gravel,  apparently  • 

because  of  an  improper  mix  or  a  heavy  rain  and  trench  flooding  when  the  con¬ 
crete  was  poured. 

Thermal  Insulation.  Insulation  was  in  good  condition  in  some  sections 
and  poor  in  others.  The  deterioration  of  the  insulation  suggested  that  sub¬ 
mergence  and  boiling  had  occurred  in  the  lower  portion  of  the  system.  • 
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Site  #11 


Location.  Between  buiLdings 
Date  of  Inspection.  25  June 
Date  of  Trench  Installation. 


2780  and  2778. 
1981. 

1958. 


Age  of  Trench.  23  years. 

System  Description  and  Known  History.  This  was  a  buried  concrete  crawl- 
through  trench  system  with  a  cast-in-place  top  slab.  The  internal  dimensions 
of  the  trench  were  about  3  ft  wide  and  4  to  4.5  ft  deep.  Inside,  there  was  a 
4-  to  6-in.  steam  line  and  a  smaller  condensate  return  line.  The  two  pipes 
were  insulated  with  fiberglass  (about  2  in.  thick)  wrapped  with  plastic-coated 
fiberglass  mesh.  Team  members  were  unable  to  determine  either  the  exact  con¬ 
struction  technique  or  the  extent  and  type  of  waterproofing  used. 


Excavation  Characteristics.  The  terrain  was  flat.  The  concrete  trench 
system  was  buried  4  to  5  ft  below  an  extensively  paved  area.  No  excavation 
was  done. 


Adjacent  Manhole. 

1.  Manhole  Condition:  No  evidence  of  flooding  was  observed.  The  sump 
pump  on  which  this  system  depends  to  insure  drainage  was  in  excellent  condi¬ 
tion  and  functioning  properly. 

2.  System  Penetration:  There  was  no  sealing  of  the  concrete  trench  at 
the  manhole  wall. 

Conduit  or  Trench.  The  bottom  and  side  slabs  appeared  to  be  in  excellent 
condition  with  no  cracking  or  spalling.  There  were  some  drip  marks  on  the 
wall,  and  about  1  in.  of  mud  was  observed  in  many  places  along  the  trench  bot¬ 
tom. 


Thermal  Insulation.  The  fiberglass  insulation  was  in  good  condition, 
although  the  jacket  was  deteriorated  in  several  areas. 

Heat-Carrying  Pipes.  No  rust  or  corrosion  was  observed. 


Summary 

Table  B1  summarizes  the  findings  of  the  field  investigations  at  Fort 
Knox,  KY. 
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.  4 


Table  IU 


Summary  of  Heat  Distribution  Systems  at  fort  Knox,  KY 


Site 

Site 

Classification  Age 
System  (CE-301.21)  (Years) 

Type  ot 
Line 

Depth  of 
Burial  (ft) 

Soil 

Resistivity 
(ohm/ cmb 

1 

C-l 

A 

10 

steam 

5 

8-10,000 

2 

C-l 

A 

6 

steam 

3.3 

1,800 

3 

B-5 

B 

41 

2  HTHW 

3 

7,200 

4 

C-l 

A 

13 

steam 

4.5 

7,400 

5 

C-l 

A 

12 

steam 

4.5 

4800-5000 

6 

C-l 

A 

14 

steam  & 

5 

2400-3600 

condensate 

7 

C-2 

A 

14 

2  HTHW 

5 

7-9,000 

8 

C-2 

A 

12 

2  HTHW 

5 

1900-2400 

9 

C-l 

A 

12 

steam 

4.5 

6000-9000 

10 

C-l 

A 

12 

steam  & 

— 

—  — 

replaced 

condensate 

by  C-2 

11 

B-C 

B 

23 

steam  & 

4-5 

— 

condensate 

*Def ini t ions : 

A  =  efficient 

B  =  efficient  with  minor  problems 
C  -  not  efficient — repair 
D  =  not  efficient — replace 
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APPENDIX  C: 


SITE  INSPECTION  DATA  AT  LOCATION  2,  FORT  CAMPBELL,  KENTUCKY 

• 

Team  Members 

Nicholas  DemetrouLis,  NMD  &  Associates 
Frederick  Kisters,  CERL-EM 
Dale  Otterness,  DAEN-ECE-E 

Gary  Phetteplace,  CRREL  • 

Introduction 

Five  sites  and  three  types  of  systems  were  inspected  at  this  location. 

One  site  exposed  a  buried  shallow  trench  system  (B-S),  and  two  sites  exposed  • 

half-round  split  tile  systems  (H).  The  remaining  two  were  prefabricated  steel 
conduit  systems.  One  of  the  two  conduit  systems  was  a  4-year-old  C-l  system, 
and  the  other  was  a  C-2  system  installed  prior  to  the  Tri-Service  Specifica¬ 
tion.  The  precipitation  at  this  location  averages  48.2  in.  annually. 


General  Observations  and  Comments  From  System  Users 


The  soil  was  heavy  red  clay,  which  was  moist  at  the  conduit  level;  how¬ 
ever,  the-e  was  no  evidence  of  a  high  or  perched  water  table.  The  soil  resis¬ 
tivity  ranged  from  6000  to  20,000  ohm/cm  ,  but  no  cathodic  protection  was  pro¬ 
vided. 


There  was  no  evidence  of  excessive  heat  loss  at  the  first  four  sites 
since  the  systems  were  off  during  the  inspection.  However,  steaming  was  ob¬ 
served  at  site  5  where  the  system  was  operating. 

According  to  base  personnel,  the  failure  of  the  condensate  pipes  in  the 
half-round  split  tile  systems  usually  occurred  because  of  corrosion  from  the 
inside.  Occasionally,  the  outer  surface  of  the  pipe  would  corrode  in  the  area 
where  it  was  held  by  a  welded  clamp. 

Sections  of  the  fiberglass-reinforced  plastic  (FRP)  system  have  separated 
or  sheared  in  two  areas! 

1.  Near  manholes,  the  shearing  resulted  from  differential  settlement. 

2.  In  open  areas,  problems  at  joints  resulted  from  differences  in  ther¬ 
mal  contraction  during  frost  conditions. 


Site  Observation 


Site  H 1 

Locat ion .  The  excavation  was  Located  between  hangars  7251  and  7252, 
about  200  ft  from  the  boiler  plant. 
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Pat  .<_»  of  f  n  a  pact  ion.  21  July  1981. 

Date  ot  Conduit  I  nst.a  I  I  at  i  on .  1959. 

Age  of  Conduit.  22  years. 

System  Description  and  Known  History.  The  3~in.  steam  line  and  the  2.5- 
in.  condensate  return  line  were  mounted  vertically  in  a  16-in.  steel  conduit. 
The  insulation  was  1-  to  1.5-in.  thick  mineral  wool  encased  in  a  wire  mesh. 
There  was  more  than  1  in.  of  annular  air  space  between  the  insulation  and  the 
casing.  There  were  no  manholes  near  this  site. 

This  system  operated  only  in  winter  and  was  off  during  the  inspection. 
The  system  operated  at  a  steam  pressure  of  60  psig.  The  conduit  had  been  cut 
open  several  months  before  the  inspection  and  had  not  been  resealed. 

Excavation  Characteristics. 


1.  Soil  Condition:  The  terrain  was  flat  and  most  of  the  system  was  cov¬ 
ered  by  concrete  slab.  Soil  resistivity  was  20,000  ohm/cm  ,  There  was  stand¬ 
ing  water  near  the  excavation. 


2.  Depth  of  Burial:  2.5  ft. 


Manhole.  No  data  were  obtained. 


Conduit ♦ 

1.  Conduit  Coating:  The  coating,  which  appeared  to  be  asphalt,  was 
about  1/8  in.  thick  and  was  applied  without  felt  wrapping. 

2.  Exterior  Surface  of  Conduit:  Corrosion  was  evident. 

3.  Interior  Surface  of  Conduit:  There  was  some  heavy  general  corrosion 
with  pitting. 

4.  Other  Features,  Pipe  Support:  The  conduit  was  corroded  near  the  in¬ 
sulating  concrete  supports. 

Thermal  Insulation.  The  insulation  material  and  wire  mesh  were  wet,  bad¬ 
ly  deteriorated,  and  falling  off  the  pipe. 

Heat-Carrying  Pipes. 

1.  Supply  Pipe  Exterior:  There  was  medium-to-heavy  corrosion. 

2.  Return  Pipe:  The  return  pipe  failed  because  of  internal  corrosion, 
which  probably  resulted  from  improper  boiler  water  treatment. 

Site  #2 

Location.  The  excavation  was  about  10  ft  from  the  manhole  near  the  new 
barracks  complex  addition. 
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Date  of  Inspection.  21  July  1981. 

Date  of  Conduit  Installation.  1977. 

Age  of  Conduit.  4  years. 

System  Description  and  Known  History.  The  steam  line  was  4  in.  in  diame¬ 
ter  and  was  covered  with  2  in.  of  calcium  silicate  insulation.  There  was  1 
in.  of  annular  air  space  between  the  insulation  and  conduit. 

This  system  operated  only  in  winter  and  was  off  during  the  inspection. 

The  steam  pressure  during  operation  was  100  psig. 

Excavation  Characteristics. 

1.  Soil  Condition:  The  terrain  was  flat,  and  the  soil  resistivity  was 
6000  ohm/cm  . 

2.  Depth  of  Burial:  5  ft. 

Adjacent  Manhole. 

1.  Manhole  Condition: 

(a)  Arrangement:  The  concrete  manhole  was  about  6  ft  by  7  ft  by  7  ft 
deep.  The  invert  of  the  conduit  was  4.5  ft  below  grade. 

(b)  Flooding  and  Drainage:  A  small  amount  of  mud  had  entered,  but  no 
watermarks  were  evident. 

(c)  Ventilation:  The  raised  metal  plate  permitted  a  2-in.  air  space 
around  the  top  perimeter  of  the  manhole. 

2.  System  Penetration:  No  data  were  obtained. 

Conduit. 

1.  Conduit  Coating:  The  felt  wrapping  and  bituminous  coating  were  in 
excellent  conditon  and  well-bonded. 

2.  Exterior  Surface  of  Conduit:  The  exterior  surface  was  in  excellent 
condition. 

3.  Interior  Surface  of  Conduit:  There  was  no  corrosion  on  the  interior 
surface. 

Thermal  Insulation. 

1.  Insulation  Material:  The  insulation  material  was  dry  and  solid,  with 
no  evidence  of  deterioration. 

2.  Tie-Strap:  The  tie-strap  was  in  excellent  condition. 

Heat-Carrying  Pipe.  The  pipe  was  in  excellent  condition. 
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Site  #3 


Location .  The  site  was  between  Buildings  6804  and  6808.  There  was  no 
manhole  near  the  site. 

Date  of  Inspection.  21  July  1981. 

Date  of  Installation.  1969. 

Age  of  System.  12  years. 

System  Description  and  Known  History.  The  2-in.  steam  line  and  a  1-in. 
condensate  return  line  were  mounted  in  a  conduit  composed  of  a  concrete  base 
and  covered  with  half-round  tile.  There  was  no  evidence  that  any  insulation 
had  been  installed. 

This  system  is  operated  only  in  winter  and  was  off  during  the  inspection. 
The  system  operates  at  a  steam  pressure  of  40  psig. 

Excavation  Characteristics . 

1.  Soil  Condition:  The  terrain  was  fLat. 

2.  Depth  of  Burial:  4  ft. 

Adjacent  Pit  Inside  the  Building.  No  flooding  or  drainage  of  water  from 
the  conduit  was  observed. 

Conduit  or  Tile. 


1.  Tile  and  Concrete  Pad:  The  tile  and  concrete  pad  were  in  excellent 
condition. 

2.  Waterproof  Joints:  The  conventional  mortar  used  to  waterproof  joints 
appeared  to  work  well. 

Thermal  Insulation.  No  insulation  had  been  installed. 

Heat-Carrying  Pipes.  The  pipes  were  in  excellent  condition. 

Site  #4 

Location.  Near  Building  3212. 

Date  of  Inspection.  21  July  1981. 

Date  of  Conduit  Installation.  1950. 

Age  of  Conduit.  31  years. 

System  Description  and  Known  History.  The  2-in.  steam  line  and  a  1.5-in. 
condensate  return  line  were  contained  in  a  concrete  trench  which  was  18  in. 
wide  and  about  12  in.  deep  inside.  The  joints  between  the  top  slabs  and  the 


79 


aide  wall  were  sealed  with  tar  or  asphalt.  The  pipes  were  covered  with  1-in 
thick,  asbestos  insulation. 


This  system  operated  onLy  in  winter  and  was  off  during  the  inspection. 
The  system  operates  at  a  steam  pressure  of  40  psig. 

Excavation  Characteristics. 


1 .  Soil 
7320  ohm/cm^. 


Condition: 


The  terrain  was  flat,  and  the  soil  resistivity  was 


2.  Depth  of  Burial:  5  ft. 

Condition  of  Adjacent  Pit  Inside  the  Building.  There  were  watermarks  in 
the  pit  at  2  ft  and  3  ft.  The  sump  pump  was  operable  at  the  time  of  the 
inspection.  However,  the  watermarks  indicate  that  pump  failures  had  occurred 
previously. 

Conduit  or  Trench. 

1.  Concrete  Portion:  The  concrete  portion  was  in  good  condition. 

2.  Joint  Area:  The  tar  or  asphalt  on  the  joints  was  dry  and  peeling  and 
had  lost  any  effectiveness  as  a  waterproofing  material. 

Thermal  Insulation. 


1.  Insulation  Material:  The  insulation  and  cloth  covering  were  badly 
deteriorated,  and  much  of  the  insulation  had  fallen  off  the  piping. 

2.  Tie-Strap:  Straps  were  not  made  of  stainless  steel,  and  some  had 
corroded  and  broken. 

Heat-Carrying  Pipes. 

1.  Supply  Pipe  Exterior:  The  supply  pipe  exterior  was  heavily  corroded 
and  pitted. 

2.  Return  Pipe  Exterior:  The  return  pipe  exterior  was  heavily  corroded 
and  pitted. 

Site  US 

Location.  West  side  of  Building  6140. 

Date  of  Inspection.  21  July  1981. 

Date  of  Conduit  Installation.  1955. 

Aee  of  Conduit .  26  years. 

System  Description  and  Known  History.  The  6-in.  steam  supply  line  and 
the  2.5-in.  condensate  return  line  were  contained  in  half-round  tiles  laid 


over  a  concrete  base.  Rock,  wool  insuLation  was  originally  packed  in  to  com¬ 
pletely  fill  the  void  between  the  pipe  and  the  tile  casing. 


The  system  is  continuously  operating  and  was  on  during  the  inspection. 

It  operates  at  a  steam  pressure  of  125  psig. 

Excavation  Characteristics. 

1.  Soil  Condition:  The  terrain  was  flat,  and  much  of  the  system  was 
under  pavement. 

2.  Evidence  of  Excessive  Heat  Loss:  Upon  excavation,  heavy  steaming  was 
noted  from  the  cracks  between  the  tile  sections. 

3.  Depth  of  Burial:  7  ft. 

Adjacent  Manhole.  The  manhole  cover  was  an  open  grate  which  allowed 
surface  water  intrusion. 

Conduit  or  Tile. 

1.  Tile  and  Concrete  Pad:  The  tile  was  in  good  condition  with  little  or 
no  deterioration,  spalling,  or  cracking.  A  1.5-in.  opening  between  two  of  the 
tiles  indicated  that  the  concrete  base  may  have  settled  and  cracked. 

2.  Waterproofed  Joints:  The  waterproofing  had  deteriorated,  leaving  an 
open  crack  at  the  tile  joints. 

3.  Inside  of  Exposed  Area:  Upon  removing  the  tile,  it  was  found  that 
three-fourths  of  the  system  was  filled  with  mud. 

Thermal  Insulation.  The  rock  wool  insulation  had  almost  completely  dis¬ 
integrated,  exposing  the  pipe. 

Heat-Carrying  Pipes. 

1.  Supply  Pipe  Exterior:  The  supply  pipe  exterior  was  in  good  condi¬ 
tion. 

2.  Return  Pipe  Exterior:  The  return  pipe  exterior  was  corroded  and 
heavily  pitted. 

Summary 

Table  Cl  summarizes  the  findings  of  the  field  investigations  at  Fort 
Campbell,  KY. 


Table  Cl 


Summary  of  Heat 

Distribution  Systems 

at  Fort 

Campbell,  KY 

Site 

Classification  Age 

Soil 

Type  of  Depth  of 

Resistivity 

• 

Site 

System 

(CE-301 .21 ) 

( Years ) 

Line  BuriaL  (ft) 

(ohm/ cm-)  Condition* 

1 

C-2 

A 

22 

steam  & 
condensate 

2.5 

20,000 

D 

• 

2 

C-l 

A 

4 

steam 

5 

6,000 

A 

3 

H 

A 

12 

steam  & 
condensate 

4 

C 

4 

B-S 

A 

31 

steam  & 
condensate 

5 

7,320 

D 

• 

5 

H 

A 

26 

steam  & 
condensate 

7 

— 

D 

'■'•'Definitions:  • 

A  =  efficient 
C  =  not  efficient — repair 
D  =  not  efficient — repLace 
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APPENDIX  D: 


SITE  INSPECTION  DATA  AT  LOCATION  3,  FORT  BRAGG,  FAYETTEVILLE,  NORTH  CAROLINA 


Team  Members 


Nicholas  Demetroulis,  NMD  &  Associates 

Frederick  Kisters,  CERL-EM 

Vernon  Meyer,  MRDED-TM 

Homer  Musselman,  DAEN-ZCF-U 

Dale  Otterness,  DAEN-ECE-E 

Gary  Phetteplace,  CRREL 


Introduct ion 


Three  types  of  systems  on  11  sites  were  investigated:  two  were  on  a 
deep-buried  half-round  cLay  tiLe  system,  four  were  on  a  shallow  concrete  sur¬ 
face  trench,  and  five  were  on  a  prefabricated  conduit  system.  Four  of  the 
conduit  systems  were  C-2  types,  and  one  was  a  C-l  type. 

Fort  Bragg  receives  an  average  of  48.33  in.  of  rainfall  each  year.  The 
soil  is  mostly  sand  with  clay  and  has  excellent  percolation  characteristics. 
There  was  no  evidence  of  a  high  water  table  during  the  investigation.  None  of 
the  systems  had  cathodic  protection. 


General  Observations  and  Comments  From  System  Users 

Open  manholes  were  used  extensively.  Most  of  them  either  had  no  sump 
pump  or  the  pump  was  not  working. 

Operating  personnel  stated  that  leaks  were  very  difficult  to  find  in  the 
prefabricated  steel  conduit  system.  The  system  was  also  very  hard  to  repair, 
and  the  necessary  materials  were  not  readily  available. 

Pipe  insulation  was  found  to  be  highly  susceptible  to  damage  from  the 
weather.  InsuLation  in  the  open  manholes  and  the  exposed  portions  of  the 
shallow  trench  was  badly  deteriorated. 

Problems  caused  by  the  manhole  design  and  maintenance  appeared  to  be  the 
main  reason  for  problems  with  the  underground  systems. 

The  shallow  concrete  surface  trench  was  the  oldest  of  the  three  types  of 
systems  investigated  at  this  location.  Parts  of  the  system  were  still  per¬ 
forming  well  after  40  years  of  service,  and  it  had  required  only  minimal  main¬ 
tenance  in  the  40  years.  This  system  drains  by  gravity  and  has  not  experi¬ 
enced  the  manhole  water  problems  encountered  by  the  other  systems. 


Site  Observation 


Sites  H1-H4 

Location.  The  sites  were  located  between  Buildings  4T  3028  and  4T  3928 
in  the  same  trench  line  as  the  hospital.  Trenches  were  exposed  at  about  200- 
ft  intervals  along  the  line. 

Date  of  Inspection.  29  September  1981. 

Date  of  System  Installation.  Around  1942. 

Age  of  Conduit.  40  years. 

System  Description  and  Known  History.  The  sites  were  scattered  along  the 
0.5-mile-long  shallow  concrete  surface  trench  system.  The  system  consisted  of 
a  10-in.  steam  line  and  a  5-in.  condensate  return  line.  The  exterior  dimen¬ 
sions  of  the  trench  were  76  in.  wide  and  36  in.  deep,  and  the  concrete  walls 
were  6  in.  thick.  The  concrete  top  was  4  in.  thick,  with  sections  about  8  ft 
long.  The  top  sections  could  be  removed  easily  for  maintenance  by  using  wire 
rope  loops  built  into  the  concrete  slabs.  Insulation  consisted  of  a  1-in. 
thick  asbestos  base  covered  with  an  asphalt  felt. 

Thermal  expansion  in  the  pipes  was  absorbed  by  two  internally  guided 
expansion  joints.  The  expansion  joint  appeared  to  act  as  a  movable  joint  and 
an  anchor.  Half  of  the  expansion  travel  could  be  used  by  either  of  the  two 
pipes  entering  and  leaving  the  joint.  The  pipe  was  probably  anchored  without 
a  joint  either  at  one  end  or  at  the  center  of  the  section  between  the  two 
expansion  joints.  The  expansion  joint  closest  to  the  heating  plant  was  being 
repacked  for  the  third  time  during  the  system's  40-year  life,  and  the  second 
expansion  joint  was  being  repacked  for  the  first  time  in  40  years.  The  tunnel 
was  equipped  with  removable  flat  covers  that  appeared  to  be  a  sidewalk  when  in 
place.  Metal  manhole  covers  were  built  into  the  slab  covers  over  the 
expansion  joints  so  they  could  be  visually  inspected  without  removing  the 
concrete  cover. 

The  system  operated  continuously  and  was  on  during  the  inspection  at  an 
operating  pressure  of  100  psig. 

Excavation  Characteristics. 

1.  Soil  Condition:  The  terrain  was  flat,  and  the  soil  resistivity  was 
as  shown  in  Table  Dl. 

2.  Evidence  of  Excessive  Heat  Loss:  Some  burned  grass  was  observed  near 
the  joint. 


3.  Depth  of  Burial:  3  ft. 
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Table  D1 


Soil 

I 

I 

Site 


1 

2 

3 

4 


Resistivity  Data  for  Sites 


5-ft  Depth  (ohm/cm^) 

22,000 

68,000 

20,000 

48,000 


1-4  at  Fort  Bragg,  NC 


10-ft  Depth  (ohm/cm^) 

17,000 

50,000 

28,000 

49,000 


Adjacent  Manhole. 

1.  Manhole  Condition: 

(a)  Arrangement:  The  dimensions  of  the  concrete  manhole  were  8  ft  by 
8  ft  by  4  ft  deep. 

(b)  Piping  and  Components:  Insulation  in  the  manhole  was  badly  dam¬ 
aged  and  falling  off  the  piping,  which  was  corroded.  The  insulation  had 
apparently  been  damaged  by  rain  which  had  entered  through  the  grating. 

(c)  Flooding  and  Drainage:  The  sump  pump  in  the  manhole  was  not 
hooked  up. 

(d)  Ventilation:  Ventilation  was  provided  by  open  gratings  on  the 
manholes . 

(e)  Manhole  Structure:  The  manholes  were  covered  by  open  gratings. 
Cracks  were  observed  in  the  manhole  wall. 

2.  System  Penetration:  No  data  were  obtained. 

Trench . 

1.  Concrete  Portion:  Some  cracking  and  spalling  were  observed  on  the 
concrete  walls?  however,  the  problem  was  not  serious.  One  of  the  concrete  top 
slabs  was  badly  damaged,  probably  from  handling  during  maintenance  opera¬ 
tions.  No  waterproofing  membrane  was  observed  on  the  exterior  of  the  trench. 

2.  Joint  Area:  Joints  of  the  covers  were  butted  against  one  another. 
They  were  about  1  in.  wide  and  filled  with  asphalt,  which  was  dried  and 
cracked . 


3.  Inside  of  Exposed  Area:  The  system  was  gravity-drained,  with  the 
trench  sloped  to  allow  water  that  entered  the  tunnel  to  drain  to  either  end. 
Some  mud  in  the  bottom  of  the  trench  indicated  that  minor  infiltration  of  sur¬ 
face  water  had  occurred. 

4.  Other  Features,  Pipe  Supports:  Pipe  supports  on  the  floor  of  the 
trench  showed  considerable  corrosion  and  pitting.  The  slip  expansion  joints 
were  mildly  corroded. 


85 


Thermal  Insulation. 


1.  Insulation  Material:  Insulation  was  generally  in  excellent  condi¬ 
tion.  However,  surface  water  which  had  dripped  onto  the  lines  from  cracks 
between  the  top  slabs  near  one  expansion  joint  had  damaged  both  the  water¬ 
proofing  and  the  insulation. 

2.  Tie-Strap:  Copper  circular  tie  wires  placed  at  about  1-ft  intervals 
were  in  excellent  condition,  but  the  wrapping  was  dried  out  and  deteriorating. 

Heat-Carrying  Pipes. 

1.  Supply  Pipe  Exterior:  Mild  corrosion  was  evident  on  the  heat-carry¬ 
ing  pipes,  as  would  be  expected  of  a  40-year-old  system.  However,  this  corro¬ 
sion  did  not  affect  the  system's  operation. 

2.  Return  Pipe:  The  condensate  lines  had  not  been  replaced. 


Site  #5 

Location.  The  system  was  located  at  the  corner  of  Normandy  Drive  and  the 
east  entrance  to  the  hospital.  The  excavation  was  about  10  ft  from  the  man¬ 
hole. 


Date  of  Inspection.  29  September  1981. 

Date  of  System  Installation.  1976. 

Age  of  Conduit.  5  years. 

• 

System  Description  and  Known  History.  The  4-in.  steam  line  and  a  2-in. 
condensate  line  were  contained  in  separate  conduits.  The  calcium  silicate 
insulation  was  1.5  in.  thick.  There  was  a  1-in.  annular  air  space  between  the 
insulation  and  the  conduit. 


The  system  was  continuously  operated  and  was  on  during  the  inspection  at 
a  steam  pressure  of  100  psig.  The  saturated  steam  temperature  was  337°F. 


Excavation  Characteristics. 


9 

1.  Soil  Condition:  The  soil  resistivity  was  40,000  ohm/ cmJ  at  5  ft  and 
42,000  ohm/cm^  at  10  ft.  The  manhole  was  about  15  ft  from  the  street;  the 
ground  sloped  away  from  the  manhole  to  a  gully  about  5  ft  deep. 


2.  Evidence  of  Heat  Loss:  The  ground  temperature  directly  above  the 
conduit  was  88°F  at  8  in.  below  grade,  and  70°F  at  20  ft  from  the  conduit  cen¬ 
terline.  The  ambient  temperature  was  about  80°F. 


3.  Depth  of  Burial:  3.5  ft. 


Adjacent  ManhoLe. 


1.  ManhoLe  Condition: 

(a)  Arrangement:  The  concrete  manhole  dimensions  were  7  ft  by  7  ft 
by  8  ft  deep.  The  invert  of  the  conduit  was  3  ft  beLow  grade. 

(b)  Flooding  and  Drainage:  Watermarks  were  visible  at  15-,  24-,  and 
35-in.  depths.  One  of  the  watermarks  was  above  the  conduit  penetration.  The 
sump  pump  was  unplugged,  and  the  float  was  unhooked. 

(c)  Ventilation:  Ventilation  was  provided  by  an  open-grating-type 

cover . 

(d)  Manhole  Structure:  The  exterior  of  the  manhole  was  coated  with 
asphalt  or  bituminous  coating  about  1/8  in,  thick  and  was  in  excellent  condi¬ 
tion.  The  manhole  cover  was  an  open  grating  type. 

2.  System  Penetration: 

(a)  Waterproof  Casing  Coating:  Coatings  on  conduits  and  end  plates 
were  very  thin. 

(b)  Seal  Around  Conduit:  The  seal  was  packed  with  asphalt  which  was 
dried  and  cracked.  There  was  space  at  the  penetration  where  cement  was  used. 

Conduit . 

1.  Conduit  Temperature:  The  temperature  was  105°F  on  the  coating  and 
125°F  directly  on  the  conduit. 

2.  Conduit  Coating:  The  felt  wrapping  and  bituminous  coating  were  in 
good  condition,  but  appeared  to  be  thinner  than  normal. 

3.  Exterior  Surface  of  Conduit:  When  the  coating  was  removed,  there  was 
no  evidence  of  deterioration  or  corrosion. 

4.  Interior  Surface  of  Conduit:  The  interior  surface  of  the  conduit  was 
badly  rusted. 

5.  Inside  of  Exposed  Conduit:  A  small  amount  of  moist  dirt  was  observed 
at  the  bottom  of  the  conduit. 

Thermal  Insulation. 

1.  Insulation  Material:  The  insulation  was  dry  and  solid  and  showed  no 
evidence  of  deterioration. 

2.  Tie-Strap:  The  tie-strap  was  in  good  condition. 

Heat-Carrying  Pipes.  The  pipes  were  in  good  condition,  and  there  was  no 
indication  of  corrosion. 
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Site  # 6 


Location .  Barracks  compLex. 

Date  of  Inspection.  29  September  1981. 

Date  of  Conduit  Installation.  1973. 

Age  of  Conduit.  8  years. 

System  Description  and  Known  History.  The  conduit  contained  a  3-in., 
high-temperature  hot-water  (HTHW)  supply  line  and  a  3-in.  return  line.  The 
piping  was  insulated  with  2-in.  thick  calcium  silicate.  There  was  a  minimum 
1-in.  annular  air  space  between  the  insulation  and  the  casing. 

The  system  operated  continuously  and,  during  the  inspection,  was  at  a 
temperature  of  375°F. 

This  system  developed  a  small  leak  after  about  6  years  of  operation.  It 
took  base  personnel  about  12  to  15  months  to  find  the  leak,  which  was  in  the 
draindown  portion  of  the  conduit.  The  water  from  the  leak  followed  the  main 
conduit  to  a  system  building-entry  where  it  was  dripping  on  the  floor.  After 
the  leak  was  repaired,  the  system  was  dried  out  and  is  now  performing  satis¬ 
factorily. 

Excavation  Characteristics. 

1.  Soil  Condition:  The  terrain  was  flat.  The  soil  resistivity  at  5  ft 
below  grade  was  44,000  ohm/cm^  and  52,000  ohm/cm  at  10  ft. 

2.  Evidence  of  Excessive  Heat  Loss:  At  8  in.  below  grade  and  directly 
above  the  conduit,  the  ground  temperature  was  110°F;  at  20  ft  from  the  conduit 
centerline,  it  was  92°F. 

3.  Depth  of  Burial:  29  in. 

Manhole .  Data  were  not  obtained. 

Conduit . 

1.  Conduit  Temperature:  The  temperature  was  140°F  on  top  of  the  coating 
and  170°F  directly  on  the  conduit. 

2.  Conduit  Coating:  The  felt  wrapping  and  bituminous  coating  were  in 
very  good  condition. 

3.  Exterior  Surface  of  Conduit:  There  was  no  evidence  of  deterioration 
on  the  exterior  surface. 

4.  Interior  Surface  of  Conduit:  There  was  minor  rusting  but  no  pitting 
on  the  interior  surface. 
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Thermal  Insulation. 


1.  Insulation  Material:  Insulation  was  dry  and  in  relatively  good  con¬ 
dition  except  for  some  minor  deterioration. 

2.  Tie-Strap:  The  tie-strap  was  in  excellent  condition. 

Heat-Carrying  Pipes.  The  pipes  were  in  excellent  condition  with  no  evi¬ 
dence  of  corrosion. 

Site  # 7 

Location.  Barracks  complex;  excavation  was  near  the  manhole. 

Date  of  Inspection.  29  September  1981. 

Date  of  Conduit  Installation.  1973. 

Age  of  Conduit.  8  years. 

System  Description  and  Known  Histoy.  The  conduit  contained  one  5-in. 

HTHW  supply  line  and  a  return  line.  The  calcium  silicate  insulation  was  2  in. 
thick,  and  there  was  a  minimum  of  1  in.  of  annular  air  space  between  the  insu¬ 
lation  and  the  conduit. 

This  system  operated  continuously.  It  was  on  during  the  inspection  and 
operating  at  375°F. 

Excavation  Characteristics. 

1.  Soil  Condition:  The  terrain  was  flat.  The  soil  resistivity  was  mea- 
sured  at  44,000  ohm/cmJ  at  5  ft  below  grade  and  at  37,000  ohm/cm  at  10  ft. 

2.  Evidence  of  Heat  Loss:  The  ground  temperature  was  94°F  at  8  in. 
below  grade  and  directly  above  the  conduit,  and  78°F  at  20  ft  from  the  conduit 
centerline. 

3.  Depth  of  Burial:  5  ft. 

Adjacent  Manhole. 

1.  Manhole  Condition: 

(a)  Arrangement:  The  dimensions  of  the  concrete  manhole  were  16  ft 
by  11.5  ft  by  10  ft  deep.  The  invert  of  the  conduit  was  7  ft  below  grade. 

(b)  Piping  and  Components:  A  leaking  valve  was  observed. 

(c)  Flooding  and  Drainage:  Water  from  a  leak  in  the  chilled  water 
valve  was  in  the  sump  pit  and  was  about  6  in.  deep.  The  open-grate-type  cover 
allowed  surface  water  intrusion. 

(d)  Ventilation:  Ventilation  was  by  an  open-grate-type  cover. 
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2.  System  Penetration: 


(a)  End  PLate:  Data  were  not  obtained. 

(b)  Waterproof  Casing  Coating:  The  coating  was  peeLing  and  corrosion 
was  observed. 

(c)  Drain  Opening  for  Conduit  Interior:  The  drain  plugs  needed  to  be 
replaced . 

Conduit . 


1.  Conduit  Temperature:  The  temperature  was  125°F  on  the  coating  and 
135°F  directly  on  the  conduit. 

2.  Conduit  Coating:  The  feLt  wrapping  and  bituminous  coating  were  in  • 

very  good  condition. 

3.  Exterior  Surface  of  Conduit:  There  was  no  evidence  of  deterioration 
on  the  exterior  surface. 

4.  Interior  Surface  of  Conduit:  The  interior  surface  was  moderately  • 

rusted  and  pitted,  especially  at  the  top  of  the  conduit. 

Thermal  Insulation.  Some  pits  were  observed  at  the  top  of  the  upper  sec¬ 
tion  of  insulation.  The  rusty  color  of  the  insulation  indicated  that  deteri¬ 
oration  was  probably  caused  by  dripping  condensate. 

• 

Heat-Carrying  Pipes.  The  pipes  were  in  excellent  condition. 

Site  #8 

Location .  Building  C  3327.  The  excavation  was  about  12  ft  from  the  man¬ 
hole.  ® 


Date  of  Inspection.  30  September  1981. 
Date  of  Tunnel  Installation.  1955. 


Age  of  Tunnel.  26  years. 

System  Description  and  Known  History.  There  were  two  separate  half-round 
clay  tile  tunnels.  One  contained  a  14-in.  steam  line,  and  the  other  contained 
a  5-in.  condensate  return  Line.  The  space  between  the  heat-carrying  pipe  and 
the  half-round  tile  was  fiLled  with  mineral  wool  insulation.  Portions  of  the 
condensate  line  had  already  been  replaced,  and  the  rest  of  the  condensate  line 
was  being  replaced.  The  steam  line,  which  was  located  in  a  separate  tunnel, 
was  unaffected  by  the  condensate  line  failures  and  in  good  condition. 

The  system  operated  continuously  and  was  on  during  inspection  at  a  steam 
pressure  of  167  psig. 
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1.  Soil.  Condition: 
ity  was  40,000  ohm/cmJ  aL 


The  terrain  was  relatively  fL.it.  The  soil  resistiv- 
5  tt  below  grade  and  30,000  ohm/cm^  at  10  ft. 


2.  Evidence  of  Excessive  Heat  Loss:  There  was  steaming  at  the  excava¬ 
tion  site  from  the  failed  condensate  Line. 


3.  Depth  of  Burial:  7  ft. 

Adjacent  Manhole. 

1.  Manhole  Condition: 

(a)  Arrangement:  The  dimensions  of  the  concrete  manhole  were  12  ft 
by  16  ft  by  10  ft  deep.  The  invert  of  the  conduit  was  8  ft  below  grade. 

(b)  Piping  and  Components:  Water  intrusion  resulted  partly  from 
leaking  valve  packing. 

(c)  Flooding  and  Drainage:  A  watermark  was  observed  3  ft  below 
grade.  Water  was  draining  into  the  manhole  from  the  conduit. 

(d)  Ventilation:  Ventilation  was  provided  by  an  open-grate-type 

cover . 

(e)  Manhole  Structure:  The  open-grate-type  cover  allowed  water  in¬ 
trusion. 


2.  System  Penetration:  The  seal  and  tiles  were  cracked  at  the  conduit 
penetration. 

TiLe. 

1.  Tile  Temperature:  The  temperature  of  the  heat-carrying  pipe  was 
315°F,  and  the  temperature  at  the  top  of  the  tile  was  130°F.  The  tiles  were 
in  excellent  condition. 

2.  Waterproof  Joints:  Joints  at  the  tiles  and  between  the  tiles  and  the 
concrete  base  were  cemented  and  then  covered  with  a  thick  asphalt  or  bitumi¬ 
nous  coating.  The  joints  appeared  to  be  in  excellent  condition. 

3.  Inside  of  Exposed  Area:  The  air  in  the  tunnel  was  damp. 

Thermal  Insulation.  The  insulation  showed  some  signs  of  settling  and 
powdering.  However,  the  tunnel  temperatures  indicated  that  the  insulation  was 
still  performing  well. 

Heat-Carrying  Pipes. 


1.  Supply  Pipe  Exterior:  The  steam  pipe  was  in  good  condition,  with 
only  minimal  rust  and  corrosion. 


2.  Return  Pipe  Rxterior:  Recent  condensate  line  failures  were  caused  by 
corrosion  from  the  outside.  Water  probably  entered  the  system  through  the 
manhoLe. 

Site  #9 

Location .  BuiLding  C  3327,  across  from  site  8  on  the  other  side  of  the 

manhole. 

Date  of  Inspection.  30  September  1981. 

Date  of  Tunnel  Installation.  1955. 


Age  of  Tunnei.  26  years. 

System  Description  and  Known  History.  The  14-in.  steam  line  was  con¬ 
tained  in  a  half-round  tiLe  conduit  on  a  concrete  base.  The  space  between  the 
heat-carrying  pipe  and  the  haLf-round  tile  was  filled  with  mineral  wool  insu¬ 
lation. 

The  system  operated  continuously  and  was  on  during  the  inspection  at  a 
steam  pressure  of  167  psig. 

Excavation  Characteristics. 


1.  Soil  Condition:  The  terrain  was  relatively  flat,  and  the  soil  resis¬ 
tivity  at  5  ft  below  grade  was  30,000  ohm/cm  .  The  ground  temperature  was 
90°F  at  8  in.  below  grade  and  above  the  conduit,  and  73°F  at  20  ft  from  con¬ 
duit  centerline. 

2.  Evidence  of  Excessive  Heat  Loss:  The  water  in  the  adjacent  manhole 
was  boiling. 

3.  Depth  of  Burial:  6  ft. 

Adjacent  Manhole. 

1.  Manhole  Condition: 

(a)  Arrangement:  The  dimensions  of  the  concrete  manhole  were  6  ft  by 
8  ft  by  10  ft  deep.  The  invert  of  the  conduit  was  7  ft  below  grade. 

(b)  Accessibility:  It  was  necessary  to  step  on  the  pipe  to  enter  the 

manhole. 

(c)  Piping  and  Components:  The  insulation  was  deteriorated,  the  pip¬ 
ing  was  corroded,  and  the  valves  or  traps  were  leaking. 

(d)  Flooding  and  Drainage:  There  were  3  ft  of  water  in  the  manhole. 
The  water  drained  through  the  conduit  to  the  manhole  at  site  8.  The  sump  pump 
was  not  operational. 


(e)  Ventilation:  Ventilation  was  provided  by  an  open-grate-type  cov- 


(f)  ManhoLe  Structure:  The  open-grate-type  cover  allowed  surface 
water  intrusion. 

Tile. 

1.  Tile:  The  tile  was  in  excellent  condition. 


2.  Waterproof  Joints:  The  joints  at  the  tiles  and  between  the  tiles  and 
concrete  base  were  cemented  and  then  covered  with  a  thick  asphalt  or  bitumi¬ 
nous  coating.  The  joints  appeared  to  be  in  excellent  condition. 

3.  Inside  of  Exposed  Area:  The  inside  of  the  exposed  area  was  very 
moist . 


Thermal  Insulation.  The  insulation  was  still  filling  the  space  between 
the  heat-carrying  pipe  and  the  half-round  tile.  In  some  areas,  the  insulation 
was  somewhat  moist  and  some  slumping  had  occurred;  there  was  also  some  evi¬ 
dence  of  powdering,  indicating  that  the  insulation  was  beginning  to  deterio¬ 
rate.  The  temperature  inside  the  tile  was  comfortable  to  the  touch,  indicat¬ 
ing  that  the  insulation  was  still  performing  well. 


Heat-Carrying  Pipes.  The  exterior  of  the  supply  pipe  was  in  good  condi¬ 
tion. 


Site  it  10 

Location.  The  excavation  was  about  20  ft  from  the  manhole  near  Building 
D3225 . 


Date  of  Inspection.  30  September  1981. 
Date  of  Conduit  Installation.  1966. 


Age  of  Conduit.  15  years. 

System  Description  and  Known  History.  A  16-in.  steel  conduit  contained 
two  4-in..  HTHW  lines,  insulated  with  1.5-in.  thick  calcium  silicate  blocks. 
There  was  a  minimum  of  1  in.  of  annular  air  space  between  the  insulation  and 
the  outer  casing. 

The  system  operated  continuously  and  was  on  during  the  inspection  at  a 
temperature  of  380°F. 

Excavation  Characteristics. 


1.  Soil  Condition:  The  excavation  and  manhole  were  in  a  low  area  which 
collected  water  from  higher  ground.  The  soil  was  slightly  damp  at  the  conduit 
level,  but  there  was  no  evidence  of  a  high  water  table.  The  soil  resistivity 
at  5  ft  below  grade  was  28,000  ohm/cm^  and  was  27,000  ohm/cm  at  10  ft. 


2.  Evidence  of  Heat  Loss:  The  soil  temperature  was  84°F  at  8  in.  below 
grade  and  above  the  conduit,  and  78°F  at  about  20  ft  from  the  conduit  center- 
line  . 
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3.  Depth  of  Burial:  9  ft. 
Adjacent  Manhole. 


1.  Manhole  Condition: 

(a)  Arrangement:  The  dimensions  of  the  concrete  manhole  were  6  ft  by 
10  ft  by  10  ft  deep.  The  invert  of  the  conduit  was  9  ft  below  grade. 

(b)  Piping  and  Components:  The  insulation  was  worn  away,  and  the 
piping  and  its  components  were  corroded. 

(c)  Flooding  and  Drainage:  Team  members  observed  3  in.  of  water  in 
the  bottom  of  the  manhole  during  the  inspection.  Several  watermarks  were  also 
observed  at  varying  levels,  with  some  located  above  the  conduit  penetration 
into  the  manhole.  The  manhole  sump  pump  was  often  inoperative.  It  was  oper¬ 
ating  during  the  inspection,  but  the  water  that  was  pumped  from  the  manhole 
ran  back  in  due  to  improper  drainage. 

(d)  Ventilation:  Ventilation  was  provided  by  an  open-grate-type  cov¬ 
er. 

(e)  Manhole  Structure:  The  top  of  the  manhole  was  at  grade,  and  the 
open-grate-type  cover  allowed  surface  water  intrusion. 

2.  System  Penetration: 

(a)  End  Plate:  No  data  were  obtained. 

(a)  Waterproof  Casing  Coating:  The  end  plates  were  not  properly 
coated  and  were  corroded  through. 

(c)  Drainage  Opening  for  Conduit  Interior:  There  was  no  drain  port. 

(d)  Vent  Pipe  for  Conduit  Interior:  The  conduit  had  no  vent  piping. 

(e)  Seal  Around  Conduit:  The  caulking  was  deteriorated  and  allowed 
water  intrusion. 

Conduit . 


the 


on 

the 


1.  Conduit  Temperature:  The  temperature  was 
coating. 


The  conduit  coating  was 
of  Conduit:  There  was  no 


2.  Conduit  Coating: 

3.  Exterior  Surface 
the  exterior  surface. 

4.  Interior  Surface 
interior  surface. 


of  Conduit:  There  was  no 


90°F,  both  with  and  without 

in  very  good  condition, 
evidence  of  deterioration 

pitting  or  corrosion  on 
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Thermo  I  Insulation. 

L.  Insulation  Material:  The  insulation  was  solid  and  dry,  but  had  some 
spalling  and  was  severely  pitted  on  the  top. 

2.  Surface  Temperature  of  InsuLation:  The  temperature  of  the  insulation 
was  108°F,  and  the  pipe  surface  temperature  was  320“F. 

Heat-Carrying  Pipes.  The  pipes  were  in  very  good  condition. 

Site  Ml 

Location .  Building  D3745;  the  excavation  was  about  15  ft  from  the  man¬ 
hole. 

Date  of  Inspection.  30  September  1981. 

Date  of  Conduit  Installation.  1969. 


Age  of  Conduit.  12  years. 

System  Description  and  Known  History.  A  steel  conduit  conta  1  two  6- 
in. ,  HTHW  lines.  They  were  insulated  with  2.5-in.  thick,  calcium  :/-ate. 
There  was  a  minimum  of  1  in.  of  annular  air  space  between  the  insi.  •  on  and 
the  casing. 

The  system  operated  continuously.  It  was  on  during  the  inspection  and 
operated  at  a  water  temperature  of  380°F. 

Excavation  Characteristics. 


1.  Soil  Condition:  The  terrain  was  flat.  The  soil  resistivity  was 
38,000  ohm/ cm^  at  5  ft  below  grade  and  52,000  ohm/cm'*  at  10  ft.  The  soil  was 
dry  at  the  conduit  level. 


2.  Evidence  of  Heat  Loss:  The  ambient  temperature  was  about  80°F.  The 
ground  temperature  was  110°F  at  8  in.  below  grade  and  directly  above  the  con¬ 
duit,  and  was  78°F  at  about  20  ft  from  the  conduit  centerline. 


Adjacent  Manhole. 


1.  Manhole  Condition: 

(a)  Arrangement:  The  dimensions  of  the  concrete  manhole  were  24  ft 
by  24  ft  by  8  ft  deep.  The  invert  of  the  conduit  was  6  ft  below  grade. 

(b)  Flooding  and  Drainage:  No  watermarks  were  observed,  and  no  sump 
pump  had  been  installed. 

(c)  Ventilation:  Ventilation  was  provided  by  an  open-grate-type  cov¬ 
er. 

(d)  Manhole  Structure:  the  open-grate-type  cover  allowed  water  in¬ 
trusion. 


95 


2.  System  Penetration: 


(a)  End  PLate:  No  data  were  obtained. 

(b)  Waterproof  Casing  Coating:  The  coatings  were  thin  and  deterio¬ 
rating,  which  caused  the  end  plate  to  corrode. 

(c)  Drainage  Opening  for  Conduit  Interior:  The  drain  plug  was  miss¬ 
ing. 

(d)  Vent  Pipe  for  Conduit  Interior:  A  vent  pipe  was  built  into  the 

manhole . 

Conduit. 

1.  Conduit  Temperature:  The  pipe  surface  temperature  was  345°F  and,  at 
the  pipe  support,  it  was  210°F. 

2.  Conduit  Coating:  The  conduit  coating  was  in  excellent  condition. 

3.  Exterior  Surface  of  Conduit:  There  was  mild  rust  under  the  coating 
near  the  field  joint. 

4.  Interior  Surface  of  Conduit:  Very  light  rust  was  evident. 

Thermal  Insulation. 

1.  Insulation  Material:  The  insulation  material  was  in  good  condition. 

2.  Surface  Temperature  of  Insulation:  The  surface  temperature  of  the 
insulation  was  120°F,  and  the  temperature  of  the  pipe  surface  was  345°F. 

Heat-Carrying  Pipes.  The  pipes  were  in  excellent  condition. 

Summary 

Table  D2  summarizes  the  findings  of  the  field  investigation  at  Fort 
Bragg,  NC. 


I 
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Table  D2 


Summary  of  Heat  Distribution  Systems  at  Fort  Bragg,  NC 


Site 

System 

Site 

Classif ication 
(CE-30 1.21) 

Age 

( Years ) 

Type  of 
Line 

Soil 

Depth  of  Resistivity 

Burial  (ohm/ cm3)  Condition* 

1-4 

S-R 

B 

40 

Steam  & 
condensate 

3 

20-68,000(5  ft) 
17-50,000  (10  ft) 

B 

• 

5 

C-l 

B 

5 

Steam  & 
condensate 

3.5 

40,000  (5  ft) 
42,000  (10  ft) 

B 

6 

02 

B 

8 

2HTHW 

29  in 

i.  44,000  (5  ft) 
52,000  (10  ft) 

A 

• 

7 

C-2 

B 

8 

2HTHW 

5 

44,000  (5  ft) 
37,000  (10  ft) 

B 

8 

H 

B 

26 

steam  & 
condensate 

7 

40,000  (5  ft) 
30,000  (10  ft) 

B 

• 

9 

H 

B 

26 

steam 

6 

30,000  (5  ft) 
20,000  (10  ft) 

C 

10 

C-2 

B 

15 

2HTHW 

9 

28,000  (5  ft) 
27,000  (10  ft) 

C 

• 

11 

C-2 

B 

12 

2HTHW 

— 

38,000  (5  ft) 
52,000  (10  ft) 

B 

Definitions: 

A  =  efficient 

B  =  efficient  with  minor  problems 
C  =  not  efficient — repair 
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APPENDIX  E: 


SITE  INSPECTION  DATA  AT  LOCATION  4,  ANDREWS  AFB , 


MARYLAND 


Team  Members 


Nicholas  Demetroulis,  NMD  &  Associates 

Frederick  Kisters,  CERL-F.M 

Vernon  Meyer,  MRDED-TM 

Dale  Otterness,  DAEN-ECE-E 

Gary  Phetteplace,  CRREL 

Ernie  Watkins,  NAVFAC 


Introduction 


Three  prefabricated  conduit  systems  were  investigated  at  this  location. 

At  sites  2  and  3,  the  steam  and  the  condensate  return  lines  were  in  separate 
conduits.  However,  the  return  line  at  site  1  was  made  of  fiberglass-rein¬ 
forced  plastic  (FRP).  The  FRP  return  line  was  buried  without  any  covering. 

I 

The  precipitation  in  the  area  averages  42.8  in.  a  year.  The  soil  was 
heavy  clay  and  very  moist  near  the  conduit.  There  was  no  evidence  of  a  high 
water  table. 

>  The  heat  distribution  system  was  operated  continuously.  It  was  on  during 

I  the  inspection  and  operating  at  a  steam  pressure  of  100  psig.  Both  the  steam 

and  the  condensate  pipes  of  one  of  the  systems  was  covered  by  water,  and  the 
conduits  were  damaged. 


General  Observations  and  Comments  From  System  Users 

The  manholes  were  all  prefabricated  metal,  and  base  personnel  expressed 
the  following  concerns  about  them:  (1)  the  manholes  posed  safety  problems, 

(2)  the  access  to  valve  operator  holes  was  too  small,  (3)  the  ventings  were 
not  adequate,  (4)  the  entire  top  of  the  manholes  should  be  removable,  (5)  all 
valves  should  be  upright,  (6)  access  to  all  manholes  should  have  a  key-through 
cover,  and  (7)  there  are  no  sump  pumps. 

There  were  problems  with  the  FRP  line  at  the  joints,  and  there  was  set¬ 
tling  at  manholes. 


Site  Observation 

Site  #1 

Location.  Building  3476. 

Date  of  Inspection.  15  December  1981. 
Date  of  Conduit  Installation.  1972. 


Age  ot'  Conduit.  9  years. 


System  Description  and  Known  History.  A  steel  conduit  contained  one  8- 
in.  steam  line  insulated  with  a  3-in.  thick  layer  of  calcium  silicate.  There 
was  a  1-in.  minimum  annular  air  space  between  che  insulation  and  the  casing. 
The  conduit  exterior  had  no  cathodic  protection.  The  condensate  return  line, 
which  was  separate,  was  a  4-in.  FRP  line  with  no  insulation. 

Excavation  Charac t er i s t i cs . 

1.  Soil  Condition:  The  terrain  was  flat,  the  soil  resistivity  was 
50,000  ohm/cm^,  and  the  pH  was  5. 

2.  Evidence  of  Excessive  Heat  Loss:  Steaming  occurred  when  the  opening 
was  cut  into  the  conduit  interior. 

3.  Depth  of  Burial:  4.5  ft. 

Adjacent  Manhole. 

1.  ManhoLe  Condition: 

(a)  Arrangement:  The  dimensions  of  the  prefabricated  steel  manhole 
were  7  ft  in  diameter  by  7  ft  deep.  The  invert  of  the  conduit  was  4.5  ft 
below  grade. 

(b)  Piping  and  Components:  The  insulation  and  the  aluminum  covering 
were  in  good  condition.  The  condensate  line  was  not  covered  with  insulation 
or  piping. 

(c)  Flooding  and  Drainage:  The  manhole  was  dry  during  the  inspec¬ 
tion;  however,  a  waterline  was  observed  at  4  ft.  Base  personnel  said  that 
flooding  was  caused  by  a  corroded  and  leaking  condensate  line.  The  flooding 
initially  occurred  several  years  after  installation. 

(d)  Ventilation:  Two  hooded  vents  were  installed. 

2.  System  Penetration: 

(a)  End  Plate:  No  data  were  obtained. 

(b)  Waterproof  Casing  Coating:  Small  chips  of  paint  were  peeling 
off,  and  the  exposed  pipe  surface  was  rusting. 

(c)  Drainage  Opening  for  Conduit  Interior:  When  the  drain  plug  was 
removed,  water  flowed  out,  indicating  that  flooding  had  occurred  in  the  con¬ 
duit. 


(d)  Vent  Pipe  for  Conduit  Interior:  The  vent  was  plugged  with  dirt. 

(e)  Seal  Around  Conduit:  The  seal  was  rusted  at  the  weld  conduit/ 
manhole-welded  interface. 


Conduit . 


1.  Conduit  Temperature:  The  temperature  was  160°F  on  the  exterior  oi 
the  conduit  and  300°F  on  the  carrier  pipe. 

2.  Conduit  Coating;  The  feLt  wrapping  and  the  bituminous  layer  were  in 
good  condition,  but  there  was  no  asphaLt  under  the  mesh. 

3.  Interior  Surface  of  Conduit:  Minor  corrosion  was  evident,  which 
probably  resuLted  from  a  thin  inner  coating. 

4.  Inside  of  Exposed  Conduit:  There  was  about  1  in.  of  water  at  the 
bottom  of  the  conduit. 

Thermal  Insulation. 

1.  Insulation  Material:  The  insuLation  was  very  wet,  but  not  deterio¬ 
rated  . 

2.  Surface  Temperature  of  Insulation:  The  surface  temperature  of  the 
insulation  was  150°F. 

Heat-Carrying  Pipe.  The  pipe  was  in  very  good  condition. 

Site  #2 

Location.  The  site  was  near  Building  3755  about  15  ft  from  the  manhole. 

Date  of  Inspection.  15  December  1981. 

Date  of  Conduit  Installation.  1972. 

Age  of  Conduit.  9  years. 

System  Description  and  Known  History.  The  steel  conduit  contained  a  4- 
in.  steam  Line  insuLated  with  1.5  in.  calcium  silicate.  There  was  a  i-in. 
annular  air  space  between  the  insulation  and  the  casing.  Cathodic  protection 
was  not  installed. 

Excavation  Characteristics.  The  terrain  was  slightly  sloped.  The  soil 
resistivity  was  160,000  ohm/cmJ,  and  the  pH  was  4.2. 

Adjacent  Manhole. 

1.  Manhole  Condition: 

(a)  Arrangement:  The  prefabricated  manhole  was  7  ft  in  diameter  by 
10  ft  deep.  The  invert  of  the  conduit  was  7  ft  below  grade. 

(b)  Piping  and  Components:  The  piping  and  components  were  in  excel¬ 
lent  condition. 

(c)  Flooding  and  Drainage:  There  were  about  12  in.  of  water  in  the 
bottom  of  the  manhole. 


(d)  Ventilation:  Two  hooded  vents  were  available  for  ventilation 


(e)  Manhole  Structure:  The  coating  on  the  inside  of  the  steel  man- 
nole  was  in  excellent  condition;  however,  the  manhole  cover  was  not  properly 
seaLed  and  allowed  rainwater  intrusion. 


2.  System  Penecracion: 


A  gooseneck  vent  pipe  was  provided. 


Condu i t . 


1.  Conduit  Coating: 

2.  Exterior  Surface 

3.  Interior  Surface 

tion. 

Thermal  InsuLation. 
dence  of  deterioration. 

Heat-Carrying  Pipe . 
condition. 


On  l  y 

of  Conduit: 
of  Conduit: 

The  insulation  was  dry  and 

The  exterior  of  the  supply 


rusted . 
in  good  condi 

solid  and  showed  no  evi- 

pipe  was  in  excellent 


kraft  paper  was  applied  as  a  coating 
The  exterior  surface  was 
The  interior  surface  was 


Site  HZ 

Location.  Building  3743. 

Date  of  Inspection.  15  December  1981. 
Date  of  Conduit  Installation.  1970. 


Age  of  Conduit.  11  years. 

System  Description  and  Known  History.  The  steel  conduit  contained  a  6- 
in.  steam  line  insulated  with  a  2.5-in.  thick  layer  of  calcium  silicate. 

There  was  1  in.  of  annular  air  space  between  the  insulation  and  the  outer  cas¬ 
ing.  Cathodic  protection  was  installed. 

Excavation  Characteristics. 

1.  Soil  condition:  The  terrain  was  flat.  The  soil  resistivity  was  not 
measured,  since  cathodic  protection  was  provided. 

2.  Depth  of  Burial:  9  ft. 

Adjacent  Manhole. 

1.  Manhole  Condition: 

(a)  Arrangement:  The  dimensions  of  the  prefabricated  steel  manhole 
were  7  ft  in  diameter  by  11  ft  deep.  The  invert  of  the  conduit  was  9  ft  below 
grade . 


(b)  Pi  pirn*  .uid  Component';:  No  insulation  was  observed,  and  the  com¬ 
ponents  were  corroded.  Some  leaks  were  observed  where  pipits  wore  connected  to 
the  vaLves. 

(c)  Flooding  and  Drainage:  1'here  were  3  to  10  in.  of  water  in  the 

manhole. 

2.  Svstem  Penetration: 

(a)  End  Plate:  The  end  plates  were  corroded. 

(b)  Waterproof  Casing  Coating:  No  data  were  obtained. 

Conduit . 

1.  Conduit  Temperature:  The  conduit  temperature  was  100°F,  and  the  in¬ 
terior  pipe  temperature  was  290“F. 

2.  Conduit  Coating:  The  coating  was  deteriorated;  no  felt  wrapping  was 
found,  and  the  amount  of  asphalt  was  insufficient. 

3.  Exterior  Surface  of  Conduit:  The  exterior  surface  was  rusted. 

4.  Interior  Surface  of  Conduit:  The  interior  surface  was  in  good  condi- 


Thermal  Insulation. 

1.  Insulation  Material:  The  insuLation  material  was  in  good  condition. 

2.  Surface  Temperature  of  Insulation:  60°F. 

Heat-Carrying  Pipe.  The  exterior  of  the  supply  pipe  was  in  good  condi- 


Summari 


Table  El  summarizes  the  results  of  the  field  inspection  at  Andrews  AFB, 


Table  HI 


Summary  ot  Heat  Distribution  Systems  at  Andrews  AFB,  Ml) 
Site  Soil 


CLas s i f i cat  ion 

Age 

Type  ot 

Depth  of 

Resistivity 

Site 

System 

( CE- 301.21) 

( Years ) 

Line 

Burial  ( f  t ) 

(ohm/cm5) 

iiH 

Cond i t i on* 

1 

Cl-FR 

A 

9 

steam 

4.5 

50,000 

5 

<: 

2 

C-L 

A 

9 

steam 

— 

160,000 

4.2 

H 

3 

B-l 

A 

11 

steam 

9 

— 

— 

c  • 

*De  f in i t ions : 

B  -  efficient  with  minor  problems  • 

C  -  not  t> t  t  i  r  i  on l.  ropa  i  r 
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APPENDIX  F: 


SITE  INSPECTION  DATA  AT  LOCATION  5,  NAVAL  RESEARCH  LABORATORY,  WASHINGTON, 

D.C. 


Team  Members 

Nicholas  DemetrouLis,  NMD  &  Associates 

Frederick  Kisters,  CF.RL-EM 

Vernon  Meyer,  MRDED-TM 

Dale  Otterness,  DAEN-ECE-E 

Gary  Phet tepLace ,  CRREL 

Ernie  Watkins,  NAVFAC 


Int  roduct i on 


Eleven  sites  were  investigated  at  this  location,  of  which  four  were  shai 
low  concrete  surface  trench  systems  (S),  and  seven  were  prefabricated  steel 
conduit  systems  (three  C-2  and  four  C-l  systems). 

The  heat  distribution  system  operated  continuously  and  was  on  during  the 
inspection  at  a  steam  pressure  of  100  psi. 

The  soil  was  sandy  with  clay  inclusions  and  was  moist  at  the  conduit 
level;  however,  there  was  no  indication  of  a  high  water  table. 


General  Observations  and  Comments  From  System  Users 

The  condition  of  the  30-year-old  shallow  trench  system  was  poor.  The  to 
of  the  side  wall  was  below  grade,  which  allowed  water  intrusion,  and  the  top 
slab  wobbled.  However,  the  users  considered  the  system  to  be  repairable  and 
suggested  that  it  need  not  be  replaced  with  a  conduit  system. 


Site  Observation 

Site  #1 

Location .  Between  Buildings  57  and  30. 

Date  of  Inspection.  16  December  1981. 

Date  of  Conduit  Installation.  1976. 

Age  of  Conduit.  5  years. 

System  Description  and  Known  History.  The  steel  conduit  contained  one  6 
in.  steam  line  insulated  with  a  2.5-in.  thick  calcium  silicate  block.  There 
was  a  1-in.  minimum  annular  air  space  between  the  insulation  and  the  casing. 
No  cathodic  protection  was  installed. 


Excavation  Characteristics. 


1.  Soil  Condition:  The  terrain  was  flat;  the  soil  resistivity  was 
170,000  ohm/cm  ,  and  the  pH  was  4.7. 

2.  Evidence  of  Excessive  Heat  Loss:  Snow  was  melting  above  the  line. 

3.  Depth  of  Burial:  3  ft. 

Adjacent  Manhole. 

1.  Manhole  Condition: 

(a)  Arrangement:  This  conduit  line  was  connected  to  a  concrete 
trench  3  ft  deep  by  4  ft  wide.  The  invert  of  the  conduit  was  3  ft  below 
grade. 

(b)  Piping  and  Components:  Parts  of  the  piping  were  covered  with  a 
1-in.  layer  of  mineral  wool  encased  in  an  aluminum  jacket.  The  insulation  was 
generally  in  good  condition;  however,  some  water  was  dripping  from  the  joints 
of  the  concrete  slab.  The  piping  and  valves  were  severely  corroded,  and  there 
was  a  large  steam  leak  at  one  of  the  valve  gaskets. 

(c)  Flooding  and  Drainage:  The  manhole  was  dry.  There  were  no 
watermarks  on  the  trench  wall,  but  the  manhole  was  very  damp  because  of  the 
steam  leak. 


(d)  Ventilation:  No  ventilation  was  provided. 

(e)  Manhole  Structure:  The  concrete  slabs  on  top  of  the  trench  acted 
as  a  sidewalk  at  grade.  At  the  area  of  conduit  penetration  into  the  manhole, 
the  concrete  top  slabs  were  replaced  by  0.25-in.  thick  steel  plates. 


2.  System  Penetration: 

(a)  End  Plate:  No  data  were  obtained. 

(b)  Drainage  Opening  for  Conduit  Interior:  No  drainage  opening  was 
provided . 


(c)  Vent  Pipes  for  Conduit  Interiors:  No  vent  pipe  was  provided. 
Conduit . 

I.  Conduit  Temperature:  The  temperature  was  65°F  on  the  conduit  surface 
and  290°F  on  the  pipe  surface. 


2.  Conduit  Coating:  Only  the  kraft  paper,  rather  than  the  15-lb  wrap¬ 
ping,  was  provided;  the  fiberglass  mesh  was  very  coarse  and  about  0.75  in. 
thick. 


3.  Exterior  Surface  of  Conduit:  The  exterior  surface  was  in  excellent 
cond i t ion . 
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A.  Interior  Surface  o t  Conduit:  There  was  only  some  minor  corrosion  on 
the  area  of  the  steel  surface  that  was  not  covered  by  the  coating. 

ThermaL  Insulation . 

1.  Insulation  Material:  The  insulation  material  was  in  excellent  condi¬ 
tion. 

2.  Surface  Temperature  of  InsuLation:  80“^. 

Heat-Carrying  Pipe.  The  supply  pipe  exterior  was  in  excellent  condition. 

Site  #2 

Location.  Building  210. 

Date  of  Inspection.  16  December  1981. 

Date  of  Conduit  Installation.  1970. 

Age  of  Conduit.  11  years. 

System  Desciption  and  Known  History.  One  steel  conduit  contained  a  A-in. 
steam  supply  line  and  a  2.5-in.  return  line.  The  steam  line  was  insulated 
with  2.5-in.  thick  calcium  silicate,  but  the  condensate  line  was  not  insulated 
at  all.  There  was  a  1-in.  minimum  of  annular  air  space  between  the  insulation 
and  the  outer  casing.  No  cathodic  protection  was  provided. 

Excavation  Characteristics. 

1.  Soil  Condition:  The  terrain  was  flat. 

2.  Evidence  of  Excessive  Heat  Loss:  None  was  observed. 

3.  Depth  of  Burial:  7.5  ft. 

Adjacent  Manhole. 

1.  ManhoLe  Condition: 

(a)  Arrangement:  The  concrete  manhole  was  8  ft  by  8  ft  by  9  ft  deep. 
The  invert  of  the  conduit  was  7  ft  below  grade. 

(b)  Piping  and  Components:  The  internal  components  and  insulation 
were  in  good  condition.  However,  the  vent  pipe  was  severely  corroded  at  a 
height  of  about  3  ft. 

(c)  Flooding  and  Drainage:  Team  members  found  about  1  in.  of  water 
in  the  bottom  of  the  manhole.  Corrosion  of  the  vent  pipe  indicated  that  the 
manhole  had  apparently  been  flooded  previously. 


(d)  VentiLation:  Ventilation  was  provided  by  a  raised  plate  cover 
with  a  2-in.  opening  around  the  plate  perimeter;  the  2-in.  opening  allowed 
water  intrusion. 


2.  System  Penetration: 


(a)  End  Plate:  No  data  were  obtained. 

(b)  Drainage  Opening  for  Conduit  Interior:  No  water  was  found  in  the 
conduit  when  the  brass  drain  plug  was  removed;  however,  minor  rust  was  found 
on  the  bottom  of  the  conduit. 


Conduct . 

1.  Conduit  Coating:  There  was 
glass  mesh. 

2.  Exterior  Surface  of  Conduit 
surface . 

3.  Interior  Surface  of  Condu i t 
surface . 


no  mastic  material  underneath  the  fiber- 


There  was  no  corrosion  on  the  exterior 


There  was  no  corrosion  on  the  interior 


4.  Inside  of  Exposed  Conduit:  There  was  evidence  of  water  intrusion  and 
some  corrosion  in  the  bottom  of  the  conduit. 

Thermal  InsuLation. 


1.  Insulation  Material:  The  insulation  around  the  steam  pipe  had  deep 
pits  at  the  bottom.  There  was  no  insulation  on  the  condensate  return  line. 

2.  Surface  Temperature  of  Insulation:  The  surface  temperature  of  the 
insulation  was  110°F,  and  the  temperature  of  the  pipe  underneath  was  280°F. 

Heat-Carrying  Pipe.  There  was  slight  corrosion  on  the  pipe. 

Site  HZ 

Location .  Building  1YG2. 

Date  of  Inspection.  16  December  1981. 

Date  of  Conduit  Installation.  1972. 

Age  of  Conduit.  9  years. 

System  Description  and  Known  History.  The  steel  conduit  contained  a  14- 
in.  steam  line  insulated  with  3-in.  thick  calcium  silicate.  There  was  a  1-in. 
minimum  of  annular  air  space  between  the  insulation  and  the  outer  casing.  No 
cathodic  protection  was  provided. 

Excavation  Characteristics. 


1.  Soil  Condition:  The  terrain  was  flat. 

2.  Depth  of  Burial:  7  ft. 
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1.  Manhole  Condition: 

(a)  Arrangement:  The  dimensions  ot'  the  concrete  manhole  were  5  ft  by 
5  ft  by  8  ft  deep.  The  invert  of  the  conduit  was  7  ft  below  grade. 

(b)  Piping  and  Components:  The  internal  components  were  in  good  con¬ 
dition. 

(c)  Flooding  and  Drainage:  There  was  no  evidence  of  flooding. 

(d)  Ventilation:  Gooseneck,  vents  were  provided  for  ventilation. 

2.  System  Penetration: 

(a)  End  Plate:  No  data  were  obtained. 

(b)  Drainage  Opening  for  Conduit  Interior:  No  water  drained  out  of 
the  conduit  when  the  drain  plug  was  removed. 

(c)  Seal  Around  Conduit:  The  link  seal  between  the  conduit  and  the 
manhole  wall  was  charred  and  cracked. 

Conduit . 

1.  Conduit  Coating:  The  coating  at  the  field  joint  was  removed  for  in¬ 
spection.  It  was  found  to  be  thinner  than  specified  and  lacked  the  fiberglass 
reinforcing  mesh  normally  specified. 

2.  Exterior  Surface  of  Conduit:  The  exterior  surface  was  in  excellent 
condition . 

3.  Interior  Surface  of  Conduit:  The  interior  surface  was  in  excellent 
condition. 

Thermal  Insulation.  The  thermal  insulation  was  in  excellent  condition. 

Heat-Carrying  Pipe.  The  pipe  was  in  excellent  condition. 

Site  H4 


Location.  Building  A-59. 

Date  of  Inspection.  16  December  1981. 

Date  of  Conduit  Installation.  1972. 

Age  of  Conduit.  9  years. 

System  Description  and  Known  History.  The  steel  conduit  contained  a  14- 
in.  steam  line  insulated  with  3-in. -thick  calcium  silicate.  There  was  a  1-in. 
minimum  of  annular  air  space  between  the  insulation  and  the  outer  casing.  No 
cathodic  protection  was  provided. 


Excavation  Characterise ics . 

1,  Soil  Condition:  The  terrain  was  slightly  sloped. 

2.  Depth  of  Burial:  5  ft. 

Adjacent  Manhole. 

1.  Manhole  Condition: 

(a)  Arrangement:  The  dimensions  of  the  concrete  manhole  were  10  ft 
by  10  ft  x  8  ft  deep.  The  invert  of  the  conduit  was  5  ft  below  grade. 

r 

(b)  Piping  and  Components:  The  piping  and  components  were  in  good 
condition. 

(c)  Flooding  and  Drainage:  There  was  no  evidence  of  flooding. 

(d)  Ventilation:  Gooseneck  vents  were  provided  for  ventilation. 

2.  System  Penetration:  The  link  seal  between  the  conduit  and  the  man¬ 
hole  wall  was  charred  and  cracked. 

Conduit . 


1.  Conduit  Temperature:  The  conduit  temperature  was  100°F,  and  the  sur¬ 
face  temperature  of  the  steam  pipe  was  265°F. 

2.  Conduit  Coating*.  The  coating  appeared  to  be  thinner  than  specified, 
and  no  mesh  was  found.  The  conduit  was  covered  with  impregnated  bituminous 
felt. 


3.  Exterior  Surface  of  Conduit:  The  surface  was  corroded  and  pitted. 

4.  Interior  Surface  of  Conduit:  The  interior  surface  was  in  excellent 
condition. 

Thermal  Insulation.  The  insulation  had  broken  away  from  the  steam  pipe 
before  the  opening  was  cut  into  the  conduit. 

Heat-Carrying  Pipes.  The  pipes  were  in  excellent  condition. 

Site  #5 

Location.  Building  A-69. 

Date  of  Inspection.  16  December  1981. 

Date  of  Conduit  Installation.  Not  known 

System  Description  and  Known  History.  The  steel  conduit  contained  one 
0.3-in.  steam  line  and  one  1.5-in.  condensate  return  line.  Both  were  insulat 
ed  in  a  2.5-in.  layer  of  calcium  silicate.  There  was  a  1-in.  minimum  of 
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annular  air  space  between  the  insulation  and  the  outer  casing.  No  cathodic 
protection  was  provided. 


Excavation  Characteristics.  The  terrain  was  flat;  the  soil  resistivity 
was  200,000  ohm/cm  ,  and  the  pH  was  5.0. 

Adjacent  Manhole. 

1.  Manhole  Condition: 

(a)  Arrangement:  The  dimensions  of  the  concrete  manhole  were  4  ft  by 
4  ft  by  10  ft  deep.  The  invert  of  the  conduit  was  9  ft  below  grade. 

(b)  Piping  and  Components:  The  piping  and  components  were  in  good 
condition. 


(c)  Flooding  and  Drainage:  There  was  a  small  amount  of  water  on  the 
floor  of  the  manhole. 


(d)  Ventilation:  No  ventilation  was  provided. 

(e)  Manhole  Structure:  The  manhole  cover  did  not  have  a  gasket, 
which  could  result  in  water  intrusion. 


2.  System  Penetration: 

(a)  End  Plate:  No  data  were  obtained. 

I 

(b)  Drainage  Opening  for  Conduit  Interior:  There  was  no  drain  plug. 
No  water  was  observed  in  the  conduit. 


Conduit . 

1.  Conduit  Temperature:  The  temperature  was  65°F. 

2.  Conduit  Coating:  The  coating  was  in  excellent  condition,  having  both 
the  proper  thickness  and  felt  wrapping. 

3.  Exterior  Surface  of  Conduit:  There  was  some  pitting  and  corrosion  on 
the  exterior  surface. 


4.  Interior  Surface  of  Conduit:  The  interior  surface  was  in  excellent 
condi t  ion . 


Thermal  Insulation. 

1.  Insulation  Material:  The  insulation  material  was  in  excellent  condi¬ 


tion. 

2.  Surface  Temperature  of  Insulation:  The  surface  temperature  of  the 
insulation  was  70°F. 

Heat-Carrying  Pipe.  The  pipe  was  in  excellent  condition. 
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Locat ion .  Building  69. 

Date  of  Inspection.  16  December  1981. 


Date  of  Conduit  Installation.  1972. 


Age  of  Conduit.  9  years. 

System  Description  and  Known  History.  The  steel  conduit  contained  a  6- 
in.  steam  line  and  a  2.5-in.  compressed  air  line.  The  insulation  was  a  2.5- 
in.  layer  of  calcium  silicate,  and  there  was  a  1-in.  minimum  of  annular  air 
space  between  the  insulation  and  the  outer  casing.  No  cathodic  protection  was 
provided . 


Excavation  Characteristics. 


1.  Soil  Condition:  The  terrain  was 
90,000  ohm/cm^,  and  the  pH  was  4.5. 


f  lat ; 


the  soil  resistivity  was 


2.  Evidence  of  Excessive  Heat  Loss:  Some  snow  was  melting  along  the 
line  of  the  system,  and  dry  grass  was  observed  in  the  areas  where  the  snow  had 
melted  away. 


3.  Depth  of  Burial:  7.5  ft. 
Adjacent  Manhole. 


1.  Manhole  Condition: 

(a)  Arrangement:  The  dimensions  of  the  concrete  manhole  were  6  ft  by 
6  ft  by  10  ft  deep.  The  invert  of  the  conduit  was  8  ft  below  grade. 

(b)  Piping  and  Components:  There  was  some  leakage  from  the  pipe. 

(c)  Flooding  and  Drainage:  The  leakage  from  the  pipe  drained  to  the 
steam  ejector  sump. 

(d)  Ventilation:  No  ventilation  was  provided. 

2.  System  Penetration: 

(a)  End  Plate:  No  data  were  obtained. 

(b)  Drainage  Opening  for  Conduit  Interior:  No  drain  plug  hole  was 
available. 

(c)  Vent  Pipe  for  Conduit  Interior:  No  vent  pipe  was  provided. 
Conduit . 


1.  Conduit  Coating:  The  coating  was  too  thin  (about  1/16  in.),  and  the 
fiberglass  mesh  was  too  coarse  (about  3/4  in.). 


I 


I 

i 

> 

I 


t 
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2.  Exterior  Surface  of  Conduit:  The  exterior  surface  was  in  excellent 
cond i t i on . 

3.  Interior  of  Casing:  The  interior  of  the  casing  had  some  pitting  and 
corrosion. 

4.  Inside  of  Exposed  Conduit:  There  was  1/4  in.  to  3/8  in.  water  at 
bottom  of  the  conduit. 

Thermal  Insulation.  The  thermal  insulation  was  in  very  good  condition. 

Heat-Carrying  Pipes.  The  pipes  were  in  good  condition. 

Site  # 7 

Location .  Building  79. 

Date  of  Inspection.  16  December  1981. 

Date  of  Conduit  Installation.  1965. 


Age  of  Conduit:  16  years. 


System  Description  and  Known  History.  The  steel  conduit  contained  a  6- 
in.  steam  line  insulated  with  a  2.5-in.  layer  of  calcium  silicate  and  1  in.  of 
annular  air  space.  Cathodic  protection  was  provided.  The  conduit  was 
enclosed  by  a  concrete  pipe  to  protect  it  from  the  weight  of  traffic  which  was 
on  the  street  over  the  system. 

Excavation  Characteristics.  The  terrain  was  flat.  No  excavation  was 
done  since  the  system  was  under  the  roadway. 


Adjacent  Manholes. 


1.  Manhole  Condition:  ManhoLes  A  and  B  were  located  on  opposite  sides 
of  the  road.  Both  manholes  were  made  of  concrete.  The  dimensions  of  manhole 
A  were  4  ft  by  4  ft  by  9  ft  deep,  and  the  dimensions  of  manhole  B  were  10  ft 
by  10  ft  by  10  ft  deep.  The  invert  of  the  conduit  was  8  ft  below  grade. 

(a)  Piping  and  Components:  The  piping  and  components  were  in  good 
condit ion. 
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2.  System  Penetration: 

(a)  End  Plate:  No  data  were  obtained. 
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(b)  Drainage  Opening  for  Conduit  Interior:  The  drain  pLug  in  manhole 
8  was  missing.  A  smaLl  amount  of  water  was  dripping  from  the  conduit,  which 
indicated  that  water  had  entered  the  conduit. 

Conduit .  No  data  were  obtained. 

Thermal  Insulation.  No  data  were  obtained. 

Heat-Carrying  Pipe.  No  data  were  obtained. 

Site  # 8 

Location.  Building  56. 

Date  of  Inspection.  16  December  1981. 

Date  of  Trench  Installation.  Not  known. 

Age  of  Trench.  Estimated  to  be  more  than  30  years. 

System  Description  and  Known  History.  The  shallow  concrete  trench  (S-U) 
was  32  in.  wide  and  19  in.  deep.  The  concrete  covers  were  about  2  ft  long, 
and  the  joints  between  the  covers  were  filled  with  asphaltic  material.  The 
trench  was  parallel  to  the  street,  and  the  covers  were  used  as  sidewalks.  The 
trench  contained  a  6-in.  steam  line  and  a  4-in.  return  line.  Both  lines  were 
insulated  with  1-in.  thick  mineral  wool. 

Excavation  Characteristics.  The  top  slabs  were  not  removed  for  inspec¬ 
tion.  However,  steaming  was  observed  from  the  manhole  and  from  the  joints 
between  the  concrete  slabs.  This  indicated  that  the  system  is  losing  large 
amounts  of  heat. 

Manhole.  No  data  were  obtained. 

Trench. 

1.  Concrete  Portion:  The  wall  of  the  trench  was  deteriorated. 

2.  Joint  Area:  The  tar  sealants  were  deteriorated. 

Thermal  Insulation.  The  mineral  wool  insulation  was  damaged  by  boiling 
water. 

Heat-Carrying  Pipe.  No  data  were  obtained. 

Site  #9 

Location.  Building  12. 

Date  of  Inspection.  16  December  1981. 

Date  of  Trench  Installation.  Not  known. 

Age  of  Trench.  Estimated  to  be  more  than  50  years. 


System  Description  and  Known  History.  The  shallow  concrete  trench  (S-U) 
was  about  6  ft  wide  and  4  ft  deep.  The  concrete  covers  were  3  ft  long,  and 
the  joints  between  the  covers  were  filled  with  an  asphaltic  materiaL.  The 
system  was  used  as  a  sidewalk.  It  contained  an  8-in.  steam  line  and  a  4-in. 
condensate  return  line.  The  insulation  was  a  2-in.  thick  layer  of  calcium 
silicate  covered  with  an  aluminum  jacket. 

Excavation  Characteristics.  The  terrain  was  flat.  The  top  slabs  were 
not  removed  for  inspection.  A  large  amount  of  dead  grass  along  the  side  of 
the  trench  indicated  that  excessive  heat  loss  had  occurred. 

Adjacent  Manhole.  No  data  were  obtained. 

Conduit  or  Trench. 


1.  Concrete  Portion:  There  were  cracks  in  the  concrete. 

2.  Joint  Area:  Waterproofing  sealants  were  deteriorated. 

3.  Bottom  of  Trench:  There  was  about  1  in.  of  water  along  the  bottom  of 
the  trench. 

Thermal  Insulation.  No  data  were  obtained. 

Heat-Carrying  Pipes.  No  data  were  obtained. 

Site  # 10 

Location.  Building  102. 

Date  of  Inspection.  16  December  1981. 

Date  of  Concrete  Trench  Installation.  Not  known. 

Age  of  Concrete  Trench.  Estimated  to  be  more  than  30  years. 

System  Description  and  Known  History.  The  shallow  concrete  trench  (S-U) 
was  about  3  ft  wide  and  4  ft  deep.  It  was  covered  with  a  1/2-in.  steel  plate 
and  contained  a  6-in.  steam  line  and  a  4-in.  condensate  return  line.  The  in¬ 
sulation  was  a  2-in.  thick  layer  of  calcium  silicate  covered  with  an  aluminum 
jacket . 

Excavation  Characteristics.  No  covers  were  opened  for  the  inspection. 

Adjacent  Manhole.  No  data  were  obtained. 

1.  Joint  Area:  There  were  cracks  between  the  top  cover  plates. 

2.  Bottom  of  Trench:  There  were  about  2  in.  of  water  on  the  trench 
floor . 


Thermal  Insulation.  No  data  were  obtained 


Site  #11 


Location.  Building  57. 

Date  of  Inspection.  16  December  1981. 

Date  of  Concrete  Trench  Installation.  Not  known. 

Age  of  Concrete  Trench.  Estimated  to  be  more  than  30  years. 

System  Description  and  Known  History.  The  shallow  concrete  trench  (S-U) 
was  about  3  ft  wide  and  3  ft  deep.  The  concrete  covers,  which  were  used  as 
sidewalks,  were  about  3  ft  long,  and  the  joints  between  them  were  filled  with 
an  asphaltic  material.  The  system  contained  an  8-in.  steam  line  and  a  A-in. 
condensate  return  line.  The  insulation  was  a  2-in.  thick  layer  of  calcium 
silicate  covered  with  an  aluminum  jacket. 

Excavation  Characteristics.  No  top  slabs  were  removed  to  inspect  the 
system. 

Adjacent  Manholes.  No  data  were  obtained. 

1.  Joint  Area:  The  gaps  between  the  top  slabs  were  at  least  1  in.  wide. 

2.  Bottom  of  Trench:  There  were  at  least  2  in.  of  water  at  the  trench 
bottom. 

Thermal  Insulation.  No  data  were  obtained. 

Heat-Carrying  Pipes.  No  data  were  obtained. 


Summary 

Table  FI  summarizes  the  results  of  the  field  inspection  at  the  Naval 
Research  Laboratory. 


Table  FI 


Summary  of  Heat  Distribution  Systems  at  the  Naval  Research  Laboratory 


Site 

Classification 

Age 

Type  of 

Depth  of 

Soil 

Resistivity 
(ohm/ cm^) 

Site 

System 

(CE-301.21) 

(Years ) 

Line 

Burial  (ft) 

£H 

Condition' 

1 

C-l 

B 

5 

steam 

3 

170,000 

4.7 

B 

2 

02 

B 

11 

steam  & 
condensate 

7.5 

— 

— 

B 

3 

C-l 

B 

9 

steam 

7 

— 

— 

B 

4 

C-l 

B 

9 

steam 

5 

— 

— 

B 

3 

C-2 

B 

unknown 

steam  & 
condensate 

9 

200,000 

5 

B 

6 

C-2 

B 

9 

steam  &  com¬ 
pressed  air 

7.5 

90,000 

4.5 

B 

7 

C-l  in 

concrete 

pipe 

B 

16 

steam 

no  exca- 

vat ion 

ID 

8,9 

S-U 

B 

over  30 

steam  & 
return  line 

— 

— — 

— 

D 

10-11 

s-u 

B 

over  30 

steam  & 
return  line 

— 

— 

— 

ID 

’■Definitions: 

B  =  efficient  with  minor  problems 
D  =  not  efficient — replace 
ID  =  insufficient  data 
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APPENDIX  C: 


SITE  INSPECTION  DATA  AT  LOCATION  6,  FORT  POLK,  LEESVILLE,  LOUISIANA 
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Introduction 


This  field  investigation  involved  excavating  five  Class  A  prefabricated 
steel  conduit  systems  of  the  C-l  type.  The  systems  contained  steam  and  con¬ 
densate  return  lines  in  separate  conduits  and  were  procured  in  accordance  with 
the  Tri-Service  Specifications  for  underground  heat  distribution  systems.  All 
five  conduits  were  installed  as  part  of  a  major  barracks  construction  contract 
which  began  in  1974  and  was  completed  in  1976.  The  system  was  procured  under 
Military  Contract  DACA63-74-B-0188 . 

This  location  receives  an  average  of  44  in.  of  rainfall  per  year.  The 
soil  is  clay  with  a  small  amount  of  sand  inclusions.  In  June  of  1976,  flood¬ 
ing  of  manholes  resulted  in  failure  of  polyvinyl  chloride  (PVC)  chilled-water 
pipes  in  the  manholes.  The  Corps  of  Engineers  replaced  the  PVC  piping  with 
steel  piping  at  a  cost  of  $84,000.  However,  at  the  time  of  the  inspection,  no 
water  table  was  encountered  even  at  the  10-f t-below-grade  excavation  depth. 

The  conduit  system  is  a  continuously  operating  system.  During  the 
inspection,  the  steam  line  was  operating  at  15  psig,  which  corresponds  to  a 
saturated  steam  temperature  of  250°F.  The  condensate  was  being  returned  to 
the  central  heating  plant  at  98°F. 


General  Observations  and  Comments  From  System  Users 

The  soil  resistivity  ranged  from  about  4000  to  10,000  ohm/cm^,  indicating 
that  cathodic  protection  should  have  been  installed.  All  steam  and  condensate 
lines  were  in  individual  steel  conduits.  Each  conduit  had  an  air  space  of  1 
in.  or  more  between  the  pipe  insulation  and  the  conduit  shell.  All  pipe  insu¬ 
lation  inside  the  conduits  was  of  the  calcium  silicate  type. 

Several  design  errors,  construction  errors,  and  maintenance  abnormalities 
caused  problems  with  the  system.  All  the  manholes  inspected  were  of  concrete, 
with  no  sump  pumps  and  no  natural,  drainage.  Thus,  water  coming  into  the  man¬ 
holes  could  enter  the  conduits.  The  conduits  were  often  not  vented  properly, 
and  the  drain  plugs  were  often  open  or  nonaccessible.  The  conduits  were  also 
not  sloped  properly,  and  water  became  trapped  in  the  conduits  between  the  man¬ 
holes  . 


The  design  of  conduit  entries  to  buildings  allowed  limited  access  to 
drain  plugs  or  vents.  The  entire  system  was  buried  at  an  unnecessary  depth. 

No  sand  backfill  was  used  near  the  conduit,  and  the  drain  plugs  were  not 
removed  periodically  as  required. 

Photographs  showed  that  the  system  was  flooded  during  construction  and 
that  some  conduits  were  submersed  in  water  before  they  were  backfilled.  Due 
to  design,  construction,  and  maintenance  errors,  the  system  was  never  dried 
out  properly.  The  first  failure  of  the  condensate  pipes,  about  3  years  after 
construction  was  completed,  resulted  from  external  corrosion.  To  compensate 
for  the  leaking  condensate  pipes,  operating  personnel  plugged  the  vent  and 
drain  openings  on  the  conduit  and  let  the  conduit  cavity  fill  with  condensate 
return  water.  The  gland  seals  at  the  terminal  ends  of  the  conduit  held  the 
pressure  and  the  conduit  shell  became  pressurized,  so  the  condensate  could  be 
returned.  Facility  personnel  were  then  able  to  operate  the  system  without 
repairing  the  condensate  piping.  Some  of  the  condensate  water  which  could  not 
drain  out  of  low  spots  in  the  conduit  was  found  by  the  inspection  team. 

The  polyvinyl  chloride  (PVC)  chilled-water  lines  ran  through  the  same 
manholes  as  the  steam  lines.  When  the  chilled-water  pumps  were  off,  the  PVC 
piping  became  overheated  and  failed,  flooding  the  manholes  and  the  conduits. 

There  was  some  evidence  that  the  asphalt  and  mastic  materials  used  to 
coat  the  outside  of  the  steel  conduit  shell  had  too  low  a  softening  point.  At 
several  locations,  the  coating  materials  apparently  had  softened  and  were  run¬ 
ning  down  the  steam  pipe. 

Comments  about  the  prefabricated  steel  conduit  system  were: 

1.  Facility  personnel  were  not  aware  of  the  sensitive  nature  of  this 
heat  distribution  system  and  that  its  success  depended  heavily  on  proper  main¬ 
tenance. 

2.  There  were  not  enough  funds  to  maintain  the  system  regularly;  thus, 
action  was  taken  only  when  problems  occurred. 

3.  Facility  personnel  were  frustrated  by  the  difficulty  in  locating 
leaks  and  other  system  problems. 

4.  The  leaks  were  difficult  to  fix  and  parts  had  to  be  ordered  from  the 
factory,  resulting  in  labor-  and  time-intensive  repairs. 

5.  Facility  personnel  were  not  furnished  with  accurate,  as-built  draw¬ 
ings  of  the  distribution  system. 

6.  Facility  personnel  were  not  given  adequate  information  on  the 
required  maintenance  procedures. 
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Site  Observation 


Site  HI 

Location.  The  excavation  site  was  in  a  barracks  compLex  at  an  expansion 
Loop.  The  site  was  Located  between  a  manhoLe  and  BuiLding  1946,  about  90  ft 
from  the  manhole. 


Date  of  Inspection.  L6  March  L982. 

Date  of  Conduit  InstalLation.  1976. 

Age  of  Conduit.  6  years. 

System  Description  and  Known  History.  The  steam  Line  was  6  in.  in  diame¬ 
ter  with  a  2.5-in.  Layer  of  caLcium  silicate  insuLation.  There  was  a  0.75-  to 
i.5-in.  air  space  between  the  insuLation  and  the  steeL  conduit  sheLL.  The 
condensate  return  Line  was  L.5  in.  in  diameter  with  a  1. 25-in.  Layer  of  caLci¬ 
um  siLicate  insuLation. 


The  chiLLed-water  PVC  pLastic  Lines  were  instaLLed  in  the  same  manhoLe 
with  heat  distribution  pipes.  The  conduit  vents  terminated  in  the  manhoLe. 

The  diagram  in  the  manufacturer's  installation  manual  showed  an  optionaL  con¬ 
duit  vent  design  which  also  terminated  inside  the  manhoLe. 

Major  flooding  of  manholes  occurred  due  to  Leaks  in  the  chiLLed-water 
Lines.  This  water  rose  in  the  manhoLe  untiL  it  contacted  the  hot  steam  Lines, 
which  raised  the  water  temperature  to  boiling.  The  boiling  water  caused  fail¬ 
ure  of  the  pLastic  chilled-water  piping,  causing  further  flooding  in  the  man¬ 
hole.  The  water  entered  the  conduits  through  inoperative  check  valves  on  the 
vent  Lines.  These  check  valves  not  onLy  failed  to  stop  water  entry  to  the 
conduit  during  the  flooding  of  the  manhole,  but  they  also  prevented  air 
circulation  before  and  after  flooding.  The  pLastic  chiLLed-water  Lines  in  the 
manholes  were  eventually  repLaced  with  steeL  pipes,  and  conduit  vents  were 
installed  that  ended  above  the  manhoLes.  Check  valves  were  not  installed  on 
the  line  as  part  of  the  repairs. 

Excavation  Characteristics. 


1.  SoiL  Condition:  The  terrain 
ity  5  ft  below  grade  was  4200  ohm/cnr 


is  slightly  sloping.  The  soil 
and  the  soil  pH  was  4.9. 


resistiv- 


2.  Evidence  of  Excessive  Heat  Loss:  None  was  observed. 

3.  Depth  of  Burial:  8  ft. 

4.  Backfill:  No  selected  backfill  was  used.  Rocks,  cans,  logs,  etc., 
were  found. 
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Adjacent  ManhoLe  or  Building  finery. 


1.  Manhole  Condition: 

(a)  Arrangement:  There  is  a  concrete  curb  around  three-fourths  of 

the  manhoLe  perimeter.  If  the  terrain  and  manhoLe  top  slab  tilted  toward  the 
manhole,  this  curb  could  aggravate  rather  than  eliminate  the  problem  of 
surface  water  entry  into  the  manhole.  The  dimensions  of  the  manhole  are  13  ft 
by  12  ft  by  8  ft  deep.  The  invert  of  the  conduit  is  5  ft  below  grade  entering 

the  manhole,  and  6  ft  below  grade  leaving  it. 

(b)  Accessibility:  Piping  interfered  with  access  to  the  manhole, 
which  is  too  small  and  poorly  arranged. 

(c)  Piping  and  Components:  The  insulation  was  covered  with  an  alumi¬ 
num  jacket  and  was  in  good  condition. 

(d)  Flooding  and  Drainage:  There  were  2  in.  of  water  in  the  manhole 
and  no  higher  watermarks.  Mud  and  debris  collected  in  the  sump  pit.  The  sump 
pit  was  used  in  place  of  a  portable  pump  which  was  not  installed. 

(e)  Ventilation:  Two  6-in.  vents  were  installed.  One  extended  to 

the  bottom  of  the  manhole  top;  the  other  extended  into  2  in.  of  water  at  the 

bottom  of  the  manhole,  thereby  stopping  any  thermal  syphoning  which  would  cool 
the  manhole. 

(f)  Manhole  Structure:  The  manhole  top  slab  was  sloped  to  the  man¬ 
hole  cover,  which  was  flush  with  the  slab  surface. 

2.  System  Penetration: 

(a)  Accessibility  for  Maintenance  and  Inspection:  Standing  water, 
valves,  and  bulky  insulation  materials  interfered  with  the  inspection  and 
maintenance  of  the  manhole's  end  plates.  The  same  obstructions  also  inter¬ 
fered  with  maintenance  and  inspection  of  the  steam  Lines. 

(b)  End  Plate:  The  waterproofing  coating  had  deteriorated;  corrosion 
of  conduit  end  plates  was  severe. 

(c)  Drainage  Opening  for  Conduit  Interior:  The  conduit  drain  plug 
for  the  condensate  lines  was  difficult  to  remove  because  of  rust. 

(d)  Vent  Pipe  for  Conduit  Interior:  Water  flowed  from  the  condensate 
casing  when  the  valve  on  the  vent  line  was  opened.  The  draining  water  indi¬ 
cated  that  the  casing  contained  water  under  pressure. 

Conduit . 


1.  Conduit  Temperature:  The  temperature  was  113°F  on  the  steam  pipe 
conduit  coating  and  99°F  on  the  condensate  conduit  coating.  The  temperature 
was  110°F  directly  on  the  steel  condensate  return  pipe  and  240°  on  the  surface 
of  the  steam  pipe. 


120 


2.  Conduit  Coating: 


(a)  Steam  Line:  On  at  Least  one-fourth  of  the  upper  quadrant  of  the 
conduit,  only  felt  and  paper-thin  coal  tar  or  asphalt  material  were  observed. 

(b)  Condensate  Line:  The  coating  was  in  excellent  condition. 

3.  Exterior  Surface  of  Conduit: 

(a)  Steam  Line:  Spot  corrosion  was  observed. 

(b)  Condensate  Line:  The  portion  of  the  condensate  line  exposed  by 
the  opening  cut  into  the  conduit  was  in  excellent  condition. 

4.  Interior  Surface  of  Conduit: 

(a)  Steam  Line:  Small  amounts  of  corrosion  were  found  on  the  plate 
cut  out  of  the  conduit. 

(b)  Condensate  Line:  There  were  small  amounts  of  corrosion,  with 
some  pitting  on  the  plate. 

5.  Inside  of  Exposed  Conduit: 

(a)  Steam  Line:  There  was  0.5  to  1.0  in.  of  standing  water  in  the 

conduit. 

(b)  Condensate  Line:  The  condensate  conduit  was  known  to  be  full 
before  it  was  opened,  and  it  was  known  to  have  leaks.  Base  personnel  allowed 
the  conduit  cavity  to  fill  completely  with  condensate;  the  conduit  shell  acted 
as  a  pressure  vessel  and  the  leaking  condensate  pipe  directed  the  condensate 
flow.  When  the  opening  was  cut  in  the  conduit  shell,  water  spurted  out  sev¬ 
eral  feet.  The  shell  was  allowed  to  drain  before  work  continued. 

6.  Other  Features,  Thermal  Expansion  Loop  Area:  The  low  areas  between 
manholes  allowed  water  to  enter  the  conduit.  This  was  apparently  the  result 
of  improper  sloping  of  the  loop. 

Thermal  Insulation. 

1.  Insulation  Material: 

(a)  Steam  Line:  The  insulation  was  intact  except  on  the  bottom  of 
the  pipe,  where  a  1.5-in.  thick  portion  had  disintegrated,  leaving  about  a  1- 
in.  layer  near  the  pipe.  Holes  were  observed  in  the  insulation  covering  the 
top  quadrant  of  the  pipe.  The  insulation  near  the  pipe  surface  was  a  rusty 
color. 

(b)  Condensate  Line:  Although  saturated,  the  insulation  remained 
reasonably  intact. 


I 
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2.  Tie-Strap:  OnLy  minor  rust  spots  were  observed. 


3.  Surface  Temperature:  The  temperature  was  119°F  on  the  wet  insuLation 
of  the  condensate  line  and  141°F  on  the  steam  line  insulation. 

Heat-Carrying  Pipes. 

1.  Supply  Pipe  Exterior:  Corrosion  with  some  pitting  was  observed. 

2.  Return  Pipe  Exterior:  The  surface  was  in  good  condition  at  the  open¬ 
ing  cut  into  the  conduit. 

Site  #2 

Location.  Between  Buildings  1947  and  1948. 

Date  of  Inspection.  16  March  1982. 

Date  of  Conduit  Installation.  1976. 


Age  of  Conduit.  6  years. 

System  Description  and  Known  History.  This  system  was  of  the  C-l  type, 
with  the  steam  and  condensate  lines  in  separate  conduits.  An  opening  was  cut 
in  the  steam  conduit  near  a  pipe  support.  The  steam  pipe  was  5  in.  wide  with 
2  in.  of  insulation.  The  conduit  was  previously  flooded  because  a  break  in 
the  chilled-water  lines  caused  water  to  back  up  into  the  system.  No  action 
was  taken  to  drain  and  dry  the  conduit. 

Excavation  Characteristics. 

1.  Soil  Condition:  The  terrain  is  flat.  Soil  resistivity  at  5  ft  below 
grade  is  8000  ohm/cm  ,  and  the  soil  pH  is  5.0.  The  soil  is  classified  as  cor¬ 
rosive. 

2.  Evidence  of  Excessive  Heat  Loss:  None  was  observed. 

3.  Depth  of  Burial:  4  ft. 

4.  Backfill:  No  sand  was  used  in  the  backfill,  but  junk  materials 
(rocks,  rebars,  logs,  etc.)  were  found. 

Adjacent  Manhole  or  Building  Entry.  The  manhole  was  not  accessible  and 
therefore  not  inspected.  The  other  end  of  the  conduit  terminated  at  a  build¬ 
ing  crawl  space.  The  end  plate  was  covered  by  silt,  and  the  drain  plug  could 
not  be  found. 

Conduit . 


1.  Conduit  Temperature:  The  temperature  of  the  exterior  surface  of  the 
casing  immediately  over  the  pipe  support  was  192°F. 


2.  Conduit  Coating:  The  coating  on  the  top  quadrant  of  steam  pipe 
appeared  to  be  about  one-half  of  the  required  thickness.  However,  the  coating 


on  the  conduit  invert  was  thicker  than  required.  Apparently,  it  had  softened 
and  flowed  to  the  invert  when  the  casing  became  overheated. 


3.  Exterior  Surface  of  Conduit:  A  rust  spot  about  1  in.  wide  was  found 
on  the  surface  of  the  conduit. 

4.  Interior  Surface  of  Conduit:  There  was  minor  rust,  but  no  pitting. 

5.  Inside  of  Exposed  Conduit:  There  was  I  in.  of  water  inside  the  con¬ 
duit. 

6.  Other  Features,  Pipe  Support:  The  pipe  support  was  rusted. 

Thermal  Insulation. 

1.  Insulation  Material:  The  insulation  was  damp,  but  not  saturated. 
Dripping  condensation  had  eroded  holes  into  the  insulation  covering  the  top  of 
the  pipe. 

2.  Tie-Strap:  The  steel  tie-strap  had  corroded  through. 

3.  Surface  Temperature  of  Insulation:  The  temperature  was  168°F. 

Heat-Carrying  Pipe.  The  exterior  of  the  steam  line  showed  some  minor 
corrosion,  but  no  pitting. 

Site  #3 

Location:  Northeast  corner  of  Building  2048. 

Date  of  Inspection.  This  site  was  excavated  on  16  March  1982  and  in¬ 
spected  on  17  March  1982. 

Date  of  Conduit  Installation.  1976. 


Age  of  Conduit.  6  years. 

System  Description  and  Known  History.  Only  the  steam  line  was  inspected 
at  this  site.  The  conduit  contained  an  8-in.  steam  pipe,  with  a  2.5-  to  3-in. 
thick  layer  of  calcium  silicate  insulation.  A  minimum  of  1  in.  of  air  space 
separated  the  insulation  from  the  conduit.  The  invert  of  the  conduit  at  exca¬ 
vation  was  10  ft  below  grade. 

This  site  was  selected  because  base  personnel  suspected  that  it  was  an 
undrained  low  spot  in  the  system.  They  also  thought  that  the  conduit  section 
had  been  flooded  several  times  because  of  a  broken  chilled-water  pipe. 

Excavation  Characteristics. 


1.  Soil  Condition:  The  terrain  was  sloped.  The  site  elevation  was 
higher  than  that  of  the  adjacent  manhole  near  the  central  energy  plant.  The 
soil  resistivity  5  ft  below  grade  was  7000  ohm/cm  ,  and  the  soil  pH  was  5.7. 
The  soil  was  classified  as  corrosive. 


2.  Evidence  of  Excessive  Heac  Loss:  No  burned  grass  was  observed  above 
the  conduit.  Steaming  was  observed  during  the  excavation. 

3.  Depth  of  BuriaL:  LO  ft. 

4.  Backfill:  No  special  backfill  was  used  to  surround  the  conduit  in 
this  plastic  clay  environment. 

Adjacent  Manhole. 

1.  Manhole  Condition: 

(a)  Accessibility:  Not  accessible  for  proper  maintenance. 

(b)  Piping  Condition:  Insulation  on  the  piping  had  worn  away  as  a 
result  of  individuals  stepping  onto  the  pipe  when  entering  the  manhole.  The 
heat-carrying  pipes  in  the  manholes  were  improperly  insulated  with  fiberglass 
insulation  and  plastic  jackets. 

(c)  Flooding  and  Drainage:  Neither  of  the  adjacent  manholes  had  a 
sump  pump,  and  each  manhole  contained  standing  water. 

(d)  Ventilation:  Vents  were  installed  properly  in  each  manhole. 
However,  one  vent  was  flush  with  the  bottom  of  the  manhole  top;  the  other 
extended  all  the  way  through  the  water. 

(e)  Manhole  Structure:  A  thin  manhole  cover  was  used  to  replace  a 
thicker,  heavier  cover.  The  thin  cover  worked  as  a  catch  basin  for  collecting 
water  which  entered  the  manhole. 

2.  System  Penetration: 

(a)  Accessibility  for  Maintenance  and  Inspection:  Poor. 

(b)  End  Plate:  No  data  were  obtained. 

(c)  Waterproof  Casing  Coating:  Deteriorated. 

(d)  Drain  Opening  for  Conduit  Interior:  The  conduit  drains  were 
"elbowed-down"  and  were  open.  The  drains  should  have  been  plugged. 

(e)  Vent  Pipe  for  Conduit  Interior:  Vent  pipes  extending  through  the 
manhole  top  were  properly  installed  after  flooding  occurred. 

(f)  Seal  Around  Conduit:  Not  easily  visible. 

Conduit . 

1.  Conduit  Temperature:  The  temperature  was  179°F  after  removal  of  the 
coating. 


2.  Conduit  Coating:  The  coating  on  the  top  quarter  of  the  steam  pipe 
was  very  thin. 


3.  Exterior  Surface  of  Conduit:  Pitting  and  blistered  corrosion  areas 
were  observed  on  the  top  and  side  of  the  conduit  where  the  coating  was  very 
thin.  A  rust  spot  thickness  was  measured  and  was  found  to  have  decreased 
conduit  wall  thickness  by  50  percent. 

4.  Interior  Surface  of  Conduit:  There  were  small  amounts  of  corrosion, 
but  no  pitting  was  observed  on  the  plate  cut  from  the  conduit. 

5.  Inside  of  Exposed  Conduit:  There  were  about  3  in.  of  water  in  the 
bottom  of  the  conduit.  The  water  covered  part  of  the  insulation. 

6.  Other  Features,  Thermal  Expansion  Loop:  When  the  opening  was  cut 
into  the  conduit,  steaming  was  observed.  The  steaming  continued  so  rapidly 
that  it  was  difficult  to  conduct  the  inspection.  Several  inches  of  water  were 
standing  inside  the  conduit.  The  drains  were  open  in  the  manholes  on  each 
side  of  the  site,  but  no  water  was  flowing  out  of  them.  This  indicated  either 
a  low  point  or  a  plugged  drain  path. 

Thermal  Insulation. 

1.  Insulation  Material:  The  insulation  was  not  removed  from  the  pipe 
because  of  the  hot  steaming  conditions.  The  insulation  was  saturated  and  soft 
to  the  touch;  however,  it  had  retained  its  general  shape  on  top  of  the  pipe. 
There  was  some  white  sediment  mixed  with  the  water  standing  in  the  conduit 
which  was  thought  to  be  dissolved  insulation. 

2.  Tie-Strap:  The  tie-strap  was  in  good  shape. 

3.  Surface  Temperature  of  Insulation:  The  temperature  was  168°F  on  top 
of  the  insulation. 

Heat-Carrying  Pipe.  Because  of  steaming  at  the  opening  of  the  conduit, 
it  was  not  possible  to  inspect  the  heat-carrying  pipe. 

Site  if  4 


Location.  Between  Building  2047  and  2041. 
Date  of  Inspection.  17  March  1982. 

Date  of  Conduit  Installation.  1976. 

Age  of  Conduit.  6  years. 


System  Description  and  Known  History.  Only  the  condensate  return  line 
was  opened  at  this  site.  The  diameter  of  the  condensate  return  line  was  1.25 
in.,  with  1.5  in.  of  calcium  silicate  thermal  insulation.  This  conduit,  which 
had  the  required  1-in.  air  space,  was  full  of  water  from  a  broken  condensate 
pipe.  Maintenance  personnel  decided  to  pressurize  the  casing  by  closing  the 
vents  and  drains  at  the  adjacent  manholes,  rather  than  locate  and  repair  con¬ 
densate  line  leaks.  Water  spurted  out  of  the  conduit  when  the  inspection 
opening  was  cut. 
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Excavation  Characteristics. 


1.  Soil  Condition:  The  terrain  is  sLightLy  sLoped.  Soil  resistivity  is 
10,000  ohm/cm  ,  and  the  soil  is  classified  as  mildly  corrosive.  The  soil  pH 
is  4.0. 

2.  Evidence  of  Excessive  Heat  Loss:  None  observed. 

3.  Depth  of  Burial:  4  ft. 

4.  Backfill:  Selected  backfill  was  not  used. 

Adjacent  Manhole. 

1.  Manhole  Condition: 

(a)  Arrangement:  The  size  of  the  manhole  was  9  ft  by  10  ft  by  8  ft 
deep.  This  manhole  was  waterproofed  with  a  vinyl  sheet  about  0.003  in.  thick 
which  was  attached  to  the  manhole  with  a  mastic  sealant. 

(b)  Access  bility:  It  was  necessary  to  step  on  piping  for  entry  and 
maintenance. 

(c)  Piping  and  Components:  The  insulation  was  in  good  condition  and 
was  covered  with  an  aluminum  jacket. 

(d)  Flooding  and  Drainage:  There  were  about  6  in.  of  water  in  the 
bottom  of  the  manhole.  There  was  no  sump  pump  and  the  sump  was  filled  with 
mud  and  debris. 

(e)  Ventilation:  There  are  gooseneck  vents  for  the  bottom  and  top  of 
the  manhole. 

2.  System  Penetration: 

(a)  Accessibility  for  Mainten.  ace  and  Inspection:  Access  to  the 
drain  plugs  in  the  manholes  was  extremely  difficult.  The  location  of  valve 
flanges,  piping,  and  insulation  made  unscrewing  the  drain  plugs  very  diffi¬ 
cult  . 

(b)  End  Plate:  No  data  were  obtained. 

(c)  Waterproof  Casing  Coating:  Minor  corrosion  was  noted. 

(d)  Drain  Opening  for  Conduit  Interior:  After  shutting  off  the  main 
condensate  line  valve,  the  drain  plug  was  opened  for  the  inspection.  Water 
drained  from  the  conduit  into  the  manhole. 

Conduit . 


1.  Conduit  Temperature:  The  temperature  was  112°F  on  top  of  the  coated 
steam  line  conduit,  127°F  on  top  of  the  uncoated  steam  line  conduit,  and  108°F 
on  top  of  the  coated  condensate  pipe  conduit. 
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2.  Conduit  Coating:  The  mastic  coating  on  the  condensate  pipe  appeared 
to  have  been  installed  properly  and  was  of  the  proper  thickness.  The  coating 
on  the  steam  conduit  was  very  thin  and  appeared  to  be  only  fiberglass  fabric 
and  a  thin  layer  of  mastic. 


3.  Exterior  Surface  of  Conduit:  A  corrosion  pit  0.025  in. 
covered  on  the  exterior  of  the  condensate  conduit  shell. 


deep  was  dis- 


4.  Interior  Surface  of  Conduit:  The  inside  of  the  conduit  was  in  good 
condition  with  only  mild  corrosion  and  minor  pitting. 

5.  Inside  of  Exposed  Conduit:  The  conduit  was  full  of  water. 

Thermal  Insulation.  The  insulation  was  saturated  with  water  and  had 
green  and  brown  spots  near  the  pipe  surface.  However,  it  was  still  intact. 

Heat-Carrying  Pipe.  The  exterior  of  the  condensate  pipe  was  heavily  cor¬ 
roded  and  pitted.  There  appeared  to  have  been  some  reaction  between  the  pipe 
and  the  pipe  insulation  while  they  were  submersed  in  the  water.  The  conden¬ 
sate  pipe  was  judged  to  be  a  total  failure.  Similar  corrosion  was  observed  at 
an  earlier  condensate  line  failure. 

Site  #5 

Location.  This  site  was  located  near  Building  1566  on  an  "expansion- 
el  bo w11- between  Buildings  1566  and  1564. 

Date  of  Inspection.  17  March  1982. 

Date  of  Conduit  Installation.  1976. 

Age  of  Conduit.  6  years. 

System  Description  and  Known  History.  Only  the  steam  line  was  inspected 
at  this  site.  The  steam  pipe  was  6  in.  in  diameter  with  2.5  in.  of  calcium 
silicate  insulation.  There  was  a  1-in.  annular  air  space  between  the  insula¬ 
tion  and  conduit. 

Excavation  Characteristics. 

1.  Soil  Condition:  The  terrain  is  flat.  Soil  resistivity  at  5  ft  below 
grade  is  7000  ohm/cm  ,  and  the  soil  is  classified  as  corrosive.  The  soil  pH 
is  4.8. 

2.  Evidence  of  Excessive  Heat  Loss:  There  was  some  dead  grass  above  the 
route  of  the  conduit,  which  indicated  that  excessive  heat  loss  had  occurred. 
The  ground  temperature  immediately  above  the  co^  '/t  was  101°F;  the 
temperature  10  ft  from  the  conduit  centerline  was  86°F.  The  soil  was 
extremely  dry  and  hard  at  the  depth  of  the  conduit. 

3.  Depth  of  Burial:  3  ft. 

4.  Backfill:  No  selected  backfill  was  used. 
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1.  Manhole  Condition:  The  manhole  adjacent  to  Site  #5  was  not  access¬ 
ible  for  inspection.  Another  manhole  near  Building  1568  had  steaming  and 
boiling  water  covering  all  the  valves.  Base  personnel  suspected  that  the 
chilled-water  line  had  broken. 

2.  System  Penetration  (entry  in  crawl  space  of  Building  1566  adjacent  to 
site) : 

(a)  Accessibility  for  Maintenance  and  Inspection:  The  system  was 
drained  by  opening  the  drain  plug  at  the  interface  of  the  building  wall  in  the 
crawl  space.  Access  to  the  end  plate  was  through  100  ft  of  crawl  space  under 
the  building.  The  vent  line  also  terminated  in  the  crawl  space,  which  made  it 
very  difficult  to  make  periodic  maintenance  inspections.  When  initially 
opened,  the  drain  was  clogged  with  material  that  appeared  to  be  pieces  of 
soggy  insulation.  When  this  material  was  dislodged,  5  to  10  gal  of  water 
flowed  out  of  the  conduit.  The  vent  and  drain  openings  were  plugged  and 
inaccessible.  The  system  was  not  constructed  according  to  the  shop  drawings. 

(b)  Drain  Opening  for  Conduit  Interior  and  Vent  Pipe  for  Conduit 
Interior:  Vent  and  drainage  openings  were  plugged  at  both  ends  of  site  #5. 

The  vent  and  drain  openings  in  the  crawl  space  were  observed  by  team  members. 
Information  about  the  end  plate  in  the  manhole  at  the  other  end  was  provided 
by  base  personnel,  who  noted  that  both  openings  had  been  plugged  since  system 
installation.  The  source  of  water  in  the  conduit  was  unknown. 

Conduit . 

1.  Conduit  Temperature:  The  temperature  on  the  surface  of  the  conduit 
was  205°F. 

2.  Conduit  Coating:  A  film  of  coating  was  observed  on  the  top  quarter 
of  the  conduit. 

3.  Exterior  Surface  of  Conduit:  The  plate  cut  out  of  the  steam  conduit 
contained  a  rust  spot,  which  had  consumed  about  25  percent  of  the  pipe's  wall 
thickness . 

4.  Interior  Surface  of  Conduit:  There  was  minor  corrosion  on  the  plate 
cut  from  the  conduit. 

5.  Inside  of  Exposed  Conduit:  About  3  in.  of  water  were  found  in  the 
bottom  of  the  conduit. 

6.  Other  Feature,  Pipe  Support:  The  pipe  support  in  the  area  of  the 
inspection  opening  was  in  good  condition. 

Thermal  Insulation.  The  insulation  was  soggy,  but  showed  little  physical 
deterioration.  However,  the  white  sediment  in  the  water  which  drained  from 
the  conduit  in  the  crawl  space  indicated  that  some  insulation  had  deteriorated 
due  to  contact  with  water. 


Heat-Carrying  Pipe.  Heavy  steaming  made  the  exterior  surface  of  the 
steam  line  hard  to  examine.  However,  a  2-in.  square  area  was  exposed  and 
appeared  to  be  in  good  condition. 


Summary 

The  findings  of  the  field  inspection  at  Fort  Polk,  LA,  are  summarized  in 
Table  Gl. 


Table  Gl 

Summary  of  Heat  Distribution  Systems  at  Fort  Polk,  LA 


Site 

System 

Site 

Classif ication 

(CE-301.21) 

Age 

(Years ) 

Type  of 
Line 

Depth  of 
Burial  (ft) 

Soil 

Res i st i vi t  y 
( ohm/ cnr  ) 

Condi t i on* 

1 

C-l 

A 

6 

Steam  and 

8 

4,200 

4.9 

D 

6 

condensate 

2 

C-l 

A 

6 

Steam 

4 

8,000 

5.0 

C 

3 

C-l 

A 

6 

Steam 

10 

7,000 

5.7 

C 

4 

C-I 

A 

6 

Condensate 

4 

10,000 

4.0 

D 

5 

C-l 

A 

6 

Steam 

3 

7,000 

4.8 

C 

*  Oe  f  i  n  i  t  i  on  a : 

C  *  not  efficient  —  repair 
D  *  not  efficient  —  replace 


APPENDIX  H: 


SITE  INSPECTION  DATA  AT  LOCATION  7,  GRAND  FORKS  AFB,  NORTH  DAKOTA 


Team  Members 

Donnelly  Callsen,  USAF/LEEE 
Ching-Ping  Chen,  CERL-EM 
Nicholas  Demetroulis,  NMD  &  Assoc. 
Timothy  Fry,  HQSAC/DEMU 
Frederick  Kisters,  CERL-EM 
Vernon  Meyer,  MRDED-TM 
Homer  Musselman,  DAEN-ZCF-U 
Dale  Otterness,  DAEN-ECE-E 
Ernie  Watkins,  NAVFAC 
Ed  Wilson,  Tyndall  AFB-DEMM 


Introduction 

This  location  uses  eight  different  heat  distribution  systems.  The  system 
consists  of  about  28  percent  above-ground  piping;  LI*  percent  underground  pip¬ 
ing  in  insulating  concrete  (site  2);  30  percent  shallow  concrete  surface 
trench  (S-U  systems  at  sites  6,  11,  11B;  a  cast-in-place  concrete  crawl- 
through  system  (at  site  12);  10  percent  prefabricated  steel  conduit  system  (C- 
1  system  at  site  1,  C-2  system  at  sites  7,  8);  1  percent  fiberglass  reinforced 
plastic  (FRP)  conduit  (site  9);  1  percent  underground  pipe  in  insulating  pow¬ 
der  (sites  A,  AB,  5,  10);  and  a  section  of  buried  shallow  concrete  trench  (B-S 
at  site  3). 

The  heat  distribution  system  transports  HTHW  from  the  central  heating 
plant.  The  capacity  of  the  HTHW  generators  is  178  million  Btu/hr.  The  system 
operates  continuously,  and  the  temperature  of  the  hot  water  ranges  from  350  to 
A00°F,  with  pressure  from  2A0  to  280  psig. 

The  system  was  on  during  inspection. 

The  average  yearly  rainfall  in  this  area  is  19.3  in.,  and  the  maximum 
monthly  rainfall  is  3.6  in. 


General  Observations  and  Comments  From  System  Users 


The  high  temperature  keeps  the  HTHW  pipes  on  both  the  service  and  return 
lines  free  from  external  corrosion  by  keeping  moisture  out  of  the  pipe  area. 
However,  water  scale  formed  on  pipes  where  standing  ground  water  was  present. 


The  record  of  make-up  water  in  the  central  heating  plant  is  less  than  1 

percent . 


The  storm  drain  system  was  used  to  drain  the  heat  distribution  systems. 
Most  of  the  manholes  were  dry,  and  the  components  were  in  good  condition. 


The  above-ground  piping  is  insuLated  with  calcium  silicate  and  covered 
with  an  aluminum  jacket.  The  pipe  is  about  2  to  3  ft  above  grade,  except  for 
overpasses  over  roads  and  sidewalks,  etc.,  where  it  is  15  to  20  ft  above 
grade.  From  a  maintenance  standpoint,  the  above-ground  piping  is  the  most 
trouble-free  area  of  the  heat  distribution  systems.  The  visual  aspect  of  the 
above-ground  piping  is  the  most  significant  problem  with  this  system. 


Site  Observation 

I 

Site  # 1 

Location.  This  site  was  in  an  area  surrounded  by  Buildings  603,  605,  and 

607. 

I  Date  of  Inspection.  11  May  1982. 

Date  of  Conduit  Installation.  1958. 


Age  of  Conduit.  24  years. 

System  Description  and  Known  History.  This  system  was  installed  prior  to 
the  Tri-Service  Specification  and  had  two  18-in.  corrugated  galvanized  steel 
conduits.  One  contained  a  10-in.  HTHW  supply  line,  and  the  other  contained  a 
10-in.  HTHW  return  line.  The  conduit  sections  were  welded  together  on  steel 
collars  and  the  joints  coated  with  a  protective  sealant  in  the  field.  Insula¬ 
tion  was  a  1.5-in.  thick  layer  of  mineral  wool  with  fabric  covering.  There 
was  a  minimum  of  1  in.  annular  air  space  between  the  insulation  and  the  con¬ 
duit.  No  cathodic  protection  was  provided  at  initial  installation,  but  sacri¬ 
ficial  anodes  were  added  after  about  13  years  of  operation.  The  system  had 
been  uncovered  for  at  least  a  week  prior  to  the  inspection  for  replacement. 

This  system  had  experienced  failures  at  the  joints,  where  many  steel  col¬ 
lars  had  rusted  away.  A  replacement  construction  plan  was  scheduled  in  which 
a  section  in  the  joint  area  would  be  cut  off  and  replaced  with  another  steel 
split  ring.  The  ring  would  be  welded  in  place. 

Excavation  Characteristics. 

1.  Soil  Condition:  The  terrain  was  flat.  The  soil  was  heavy  and  black, 
with  a  consistency  tending  toward  clay.  Percolation  characteristics  were  not 
known.  The  soil  was  very  damp  at  the  conduit  level,  and  water  was  observed 
about  1  ft  below  the  conduit.  Because  of  the  proximity  of  the  water  table  to 
the  1  Atom  of  the  conduit,  the  site  was  considered  Class  A.  The  soil  resis¬ 
tivity  was  27,000  ohm/cm  ,  and  the  pH  was  5.56.  The  soil  was  mildly  corro¬ 
sive. 

2.  Evidence  of  Excessive  Heat  Loss:  Steaming  was  observed  from  areas 
near  the  conduit  joints  and  from  the  conduit  and  manhole  vents. 

3.  Depth  of  Burial:  7.5  ft. 
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Adjacent  Manholes. 

1.  Manhole  Condition: 

(a)  Arrangement:  The  dimensions  of  the  concrete  manhole  were  9  ft  by 
9  ft  by  10  ft  deep.  The  invert  of  the  conduit  was  8  ft  below  grade. 

(b)  Piping  and  Components:  The  insulation  around  the  pipe  had  deter¬ 
iorated.  Some  of  it  had  been  worn  away  by  individuals  stepping  on  the  pipes 
to  get  into  the  manhole. 

(c)  Flooding  and  Drainage:  Water  was  observed  in  the  manhole  up  to 
the  bottom  of  the  heat-carrying  line.  The  storm  drain  was  plugged. 

(d)  Ventilation:  Two  gooseneck  vents  were  available;  however,  one 
vent  was  submersed  in  water, 

2.  System  Penetration: 

(a)  End  Plate:  No  data  were  obtained. 

(b)  Waterproof  Casing  Coating:  The  coating  had  deteriorated,  and  the 
end  plate  was  rusted. 

(c)  Drainage  Opening  for  Conduit  Interior:  The  drain  was  open. 

(d)  Vent  Pipe  for  Conduit  Interior:  Steam  was  rising  from  two  goose¬ 
neck  vents,  which  indicated  that  flooding  of  the  conduit  had  occurred. 

Conduit . 


1.  Conduit  Coating:  The  corrugated  galvanized  steel  conduit  was  coated 
with  a  mastic  material.  The  coating  had  softened  and  flowed  from  the  top  of 
the  conduit  to  the  invert  area.  There  was  no  reinforcing  mesh  or  felt. 

Most  of  the  joints  were  bare  and  rusted. 

2.  Exterior  Surface  of  Conduit:  There  were  corrosion  holes  near  the 
joint  area;  however,  base  personnel  stated  that  the  other  sections  were  in 
good  condition. 

3.  Inside  of  Corroded  Area:  Soil  and  water  were  found  in  the  conduit. 

4.  Other  Features,  Field  Joint:  The  steel  joint  collars  were  bare  and 
rusted. 

Thermal  Insulation.  The  mineral  wool  insulation  was  powdery,  indicating 
that  some  water  had  boiled  within  the  conduit.  However,  the  insulation  was 
physically  intact  and,  if  kept  dry,  should  work  effectively  for  many  years. 

Heat-Carrying  Pipes.  The  heat-carrying  pipes  were  generally  in  good  con¬ 
dition,  with  only  light  rusting  and  minor  pitting. 
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Site  # 2 


Location.  Southwest  of  Building  418. 

Date  of  Inspection.  11  May  1982. 

Date  of  System  Installation.  1956. 

Age  of  System.  26  years. 

System  Description  and  Known  History.  The  system  contained  two  12-in. 
HTHW  lines  in  an  insulated  concrete  system.  Two  excavations  were  made  on  the 
same  section  of  line  about  100  yd  apart.  The  north  excavation  had  been  dug  up 
previously.  Most  of  the  inspection  focused  on  the  south  site,  since  it 
exposed  the  system  as  it  had  been  constructed  originally. 

Excavation  Characteristics. 


1.  Soil  Condition:  The  terrain  was  flat.  The  soil  was  black  and  did 
not  have  the  clay  consistency  of  other  sites  on  the  base.  It  was  extremely 
damp  around  the  conduit,  and  water  had  accumulated  above  the  line. 

This  site  was  designated  as  a  Class  A  site.  Insulating  concrete  was  recom¬ 
mended  for  installation  only  in  dry  areas  (NAS-NRC  publication  1412).  The 
soil  resistivity  was  13,000  oh m/cm  ,  and  the  pH  was  6.7. 

2.  Evidence  of  Excessive  Heat  Loss:  No  grass  was  growing  along  the  line 
of  the  system,  indicating  that  excessive  heat  loss  had  occurred.  Steaming 
occurred  at  some  areas  along  the  line  and  was  observed  from  the  site  during 
the  excavation  and  continuing  throughout  the  inspection.  At  the  north  site, 
the  ground  temperature  was  81°F  above  the  conduit,  170°F  at  about  1.5  ft  below 
grade,  and  183°F  at  about  2  ft  below  grade.  At  the  south  inspection  site,  the 
ground  temperature  was  108°F  at  10  in.  from  the  pipe  at  the  insulating 
concrete/earth  interface,  and  138°F  at  4  in.  above  the  pipe.  The  ambient 
ground  temperature  away  from  the  system  was  51°F.  The  HTHW  supply  was  about 
320°F,  and  the  return  was  about  295°F. 

3.  Depth  of  Burial:  4  ft. 

Adjacent  Manhole.  An  insulating  concrete  system  penetrating  the  manhole 
near  site  4  was  inspected.  The  flashing  had  been  damaged,  which  would  allow 
water  to  enter  the  system  if  the  manhole  became  flooded. 

Conduit  or  Casing  Material.  The  bituminous  waterproofing  membrane  had 
deteriorated.  It  was  granular  and  contained  rocks,  which  allowed  water  to  en¬ 
ter  the  system. 

Thermal  Insulation. 

1.  Insulation  Material:  The  outer  layer  of  the  10-in.  thick  mix  of  con¬ 
crete  envelope  and  insulation  covering  the  heating  pipes  was  wet.  However, 
about  4  in.  from  the  pipe,  the  insulation  was  dry  from  the  heat  of  the  pipes. 
Soil  was  also  found  in  the  insulation.  A  laboratory  test  showed  that  the 
moisture  content  of  the  insulation  near  the  pipe  was  only  2  percent. 
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2.  Strengthening  Wire  Mesh:  The  steeL  wire  mesh  had  rusted  badly,  with 
some  of  it  rusting  away  completely. 

Heat-Carrying  Pipe.  Corrosion  was  observed  on  the  pipes,  and  one  corro¬ 
sion  pit  was  observed  on  the  exterior  of  the  supply  pipe. 

Site  HZ 

Location.  Between  Building  411  and  manhole  405. 

Date  of  Inspection.  11  May  1982. 

Date  of  Trench  Installation.  1978. 

Age  of  Trench.  4  years. 

System  Description  and  Known  History.  Two  1.5-in.  high-temperature  water 
lines  were  contained  in  a  buried  concrete  trench  having  a  removable  top  slab. 
The  interior  of  the  concrete  trench  was  about  24  in.  wide  and  18  in.  deep. 

The  trench  wall  thickness  was  about  5  in.,  and  its  concrete  top  slabs  were  5 
in.  thick,  34  in.  wide,  and  81  in.  long.  A  gap  of  about  1  in.  between  the  top 
slabs  was  filled  with  an  asphalt  compound.  Between  the  top  of  the  trench 
walls  and  the  top  slabs  was  a  neoprene-type  material  about  3/4  in.  thick. 
Piping  was  suspended  from  a  5-in.  by  1.25-in.  by  0.25-in. -thick  steel  channel 
installed  across  the  top  of  the  trench  just  below  the  top  slab.  At  the  point 
of  suspension,  the  insulated  piping  was  covered  with  galvanized  sheet  metal. 
Insulation  consisted  of  1  in.  of  fiberglass,  except  at  the  points  of  pipe  sus¬ 
pension  where  foam  glass  insulation  was  used.  The  insulation  was  covered  with 
a  40-lb  felt  wrap  wired  on  with  stainless  steel  wires  on  18-in.  centers. 

Excavation  Characteristics. 

1.  Soil  Condition:  The  terrain  was  flat,  and  the  soil  was  a  dark  loam. 
The  soil  resistivity  was  21,000  ohm/cm^,  and  the  pH  was  7. 

2.  Depth  of  Burial:  The  top  of  the  concrete  trench  was  about  2.5  ft 
below  grade.  The  cover  was  lifted  with  a  sling  attached  to  the  backhoe. 

Adjacent  Manhole. 

1.  Manhole  Condition: 

(a)  Arrangement:  The  dimensions  of  the  concrete  manhole  were  8  ft  by 
10  ft  by  9  ft  deep. 

(b)  Flooding  and  Drainage:  The  manhole  contained  1  in.  of  water. 

The  floor  drain  to  the  storm  sewer  system  appeared  to  be  open,  and  a  waterline 
was  evident  at  the  2-ft  level. 


2.  System  Penetration:  The  manhole  was  receiving  no  water  from  either 
the  tunnel  or  the  tunnel  subdrain.  However,  one  month  earlier  during  the 
presurvey,  water  was  observed  coming  from  both  the  tunnel  and  subdrain. 


Conduit  or  Trench. 


1.  Concrete  Portion:  The  surface  temperature  of  the  top  slab  was  75°F. 
The  trench  was  not  waterproofed,  but  the  concrete  portion  was  in  excellent 
condition. 


2.  Joint  Area:  The  top  slab  did  not  have  slip  lap  joints. 

3.  Inside  of  Exposed  Area:  There  was  about  0.5  in.  of  muddy  water  on 
the  trench  bottom.  The  trench  was  dry  at  the  manhole,  which  indicated  that 
the  slope  to  the  manhole  varied.  No  watermarks  were  observed  on  the  trench 
wall . 


4.  Other  Features,  Channel,  Bolt,  Nuts,  U-Bolt  Hanger:  Mud  and  rust 
spots  were  found  on  the  channel  iron,  and  the  steel  bolt  and  nut  and  the  edge 
of  the  thermal  expansion  slot  were  corroded.  The  steel  hanger  and  pipe  clamp 
that  were  touching  the  galvanized  shield  sheet  had  also  corroded. 

Thermal  Insulation. 


1.  Insulation  Material:  The  felt  wrap  had  separated  from  the  insulation 
at  the  fiberglass/foam  glass  interface. 


was 


2.  Surface  Temperature  of  Insulation:  The  temperature  of  the  insulation 
110°F  on  the  330°F  supply  line,  and  99°F  on  the  290°F  return  line. 


Heat-Carrying  Pipes. 

tion. 


The  heat-carrying  pipes  were 


in  excellent  condi- 


Site  #4A 


Location.  Southeast  end  of  Building  213. 

Date  of  Inspection.  11  May  1982. 

Date  of  Insulating  Powder  System*  Installation.  1972 

Age  of  System.  10  years. 

System  Description  and  Known  History.  The  excavation  site  was  near  a 
1977  investigation  site  on  the  same  system,  in  which  surface  water  was  found 
to  be  entering  the  system  through  the  interface  of  the  valve  riser  and  insula 
ting  powder  because  no  sealant  had  been  applied.  The  current  system  was 
installed  in  1972  to  replace  a  7-year-old  prefabricated  conduit.  The  leaking 
conduit  was  cut  and  spread  open  on  the  top.  The  insulation  was  removed  and 
insulating  powder  poured  around  the  heat-carrying  pipes.  Plastic  sheets  were 
then  laid  on  top  of  the  powder  and  the  trench  was  backfilled.  Both  the  2-in. 
HTHW  supply  and  the  1.5-in.  return  lines  were  in  one  conduit. 


*Insulating  powders  coated  with  stearic  acid. 
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Excavation  Characteristics. 


1.  Soil  Condition:  The  terrain  was  flat,  and  the  soil  was  a  permeable 
dark  loam  saturated  with  water.  The  water  table  appeared  to  be  at  the  same 
depth  as  the  conduit.  The  soil  resistivity  was  13,000  ohm/cm  ,  and  the  pH  was 


6.5. 


2.  Evidence  of  Excessive  Heat  Loss:  Sparse  grass  growth  above  the  sys¬ 
tem  indicated  that  excessive  heat  loss  had  occurred.  Steaming  occurred  when 
the  ground  was  excavated  above  the  system.  The  soil  temperature  was  120°E  at 

1  ft  above  the  conduit.  On  12  May  1982,  a  "geyser"  was  created  by  water  which 
permeated  the  insulating  powder.  The  soil  temperature  was  at  160°F  at  1  ft 
from  the  conduit. 

3.  Depth  of  Burial:  8  ft. 

4.  Backfill:  Improper  backfill  techniques  resulted  in  soil  entering  the 
system.  Rocks  were  also  found.  Very  little  insulating  powder  was  found  in 
some  areas. 

Adjacent  Manhole.  The  manhole  was  the  same  as  the  one  described  for  site 

#4B. 


Conduit . 

1.  Insulating  Powder  Enclosure:  The  conduit  casing  was  heavily  corrod¬ 
ed.  The  temperature  on  the  conduit  was  142°F. 

2.  Plastic  cover:  The  plastic  cover  was  deteriorated  and  allowed  ground 
water  and  soil  intrusion. 

3.  Insulating  Powder  Settlement:  Compression  settlement  of  about  1  to 
1.5  in.  below  the  edge  of  the  opened  casing  was  observed.  This  resulted  in  an 
insufficient  protective  top  layer. 

4.  Sealant:  No  sealant  was  applied  between  the  insulating  powder  and 
the  conduit,  so  a  water  pocket  was  formed  as  a  result  of  capillary  action. 

Insulating  Powder. 

1.  Insulation  Temperature:  The  temperature  near  the  pipe  was  182°F, 
which  was  above  the  melting  point  (158°F)  of  the  stearic  acid  coating  on  the 
calcium  carbonate  powder. 

2.  Materials:  The  insulating  powder  at  the  outer  layer  was  in  good  con¬ 
dition.  However,  near  the  pipe,  the  powder  had  turned  beige  and  brownish  and 
had  become  cakey.  It  was  muddy  near  the  bottom  of  the  conduit,  and  the  mois¬ 
ture  content  of  the  mud  was  found  to  be  24  percent;  chemical  analysis  of  the 
insulating  powder  indicated  that  the  major  constituent  was  still  calcium  car¬ 
bonate. 

Heat-Carrying  Pipes.  No  corrosion  was  observed  on  the  heat-carrying 
pipes.  The  pH  of  the  water  that  entered  the  system  shortly  after  the  observa¬ 
tion  window  was  cut  was  found  to  be  8.5,  as  opposed  to  6.5  for  the  ground 
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water  outside  the  conduit.  The  difference  in  pH  readings  resulted  from  the 
dissolution  of  bare  calcium  carbonate  powder,  which  made  the  water  in  the  con¬ 
duit  alkaline. 

Site  #4B 

Location.  West  of  Building  213. 

Date  of  Inspection.  11  May  1982. 

Date  of  Insulating  Powder  System  Installation.  1972. 

Age  of  System.  10  years. 

System  Description  and  Known  History.  The  insulating  powder  system  was 
installed  in  1972  to  replace  a  7-year-old  prefabricated  conduit  system.  The 
leaking  conduit  was  cut  and  spread  open  on  top.  The  insulation  was  removed, 
and  the  insulating  powder  was  poured  around  the  heat-carrying  pipes.  Plastic 
sheets  were  then  laid  on  top  of  the  powder  and  conduit  before  backfilling. 

Both  the  2-in.  HTHW  supply  and  the  1.5-in.  return  line  were  in  one  conduit. 

The  pipe  temperatures  taken  at  the  manhole  were  320°F  for  the  supply  line  and 
243°F  for  the  return  line. 

The  excavation  was  next  to  the  thermal  expansion  anchor  lock  beside  man¬ 
hole  210  at  the  end  of  the  line.  This  site  was  excavated  to  determine  why 
steam  was  escaping  from  a  vent  pipe  attached  to  the  end  plate  of  the  old  con¬ 
duit-type  system. 

Excavation  Characteristics. 


1.  Soil  Condition:  The  terrain  was  flat,  and  the  soil  was  a  permeable 
dark  loam,  which  was  saturated  with  water.  The  soil  resistivity  was  13,000 
ohm/cm  ,  and  the  pH  was  5.6. 

2.  Evidence  of  Excessive  Heat  Loss:  There  were  only  small  patches  of 
grass  growing  above  the  system,  which  indicated  heavy  system  heat  loss.  The 
soil  surface  temperature  was  74°F  above  the  system  and  52°F  away  from  the  sys¬ 
tem.  The  ambient  air  temperature  was  62°F,  and  the  insulation  temperature  was 
160°F  underneath  the  heating  pipe. 

3.  Depth  of  Burial:  5.5  ft. 

4.  Backfill:  Improper  backfill  techniques  caused  soil  to  enter  the  sys¬ 
tem. 


Adjacent  Manhole. 

1.  Manhole  Condition:  The  concrete  manhole  was  flooded. 

2.  System  Penetration:  A  steaming  vent  pipe  indicated  that  the  conduit 
was  flooded. 
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Conduit . 


1.  InsuLating  Powder  Enclosure:  The  conduit  casing  was  heavily  corrod¬ 
ed  . 

2.  Plastic  Cover:  The  plastic  cover  was  deteriorated,  allowing  grou, d 
water  and  soil  intrusion. 

3.  Insulating  Powder  Settlement:  Compression  settlement  resulted  in  an 
insufficient  protective  top  layer. 

A.  Sealant:  No  sealant  of  any  kind  was  applied  between  the  insulating 
powder  and  foreign  surfaces  such  as  concrete  wall,  conduit,  or  heat  pipes. 
Water  entered  into  the  system  due  to  capillary  action. 

Insulating  Powder  Condition. 

1.  Insulation  Temperature:  The  temperature  was  160°F  underneath  the 
heating  pipe  and  the  protexulate  cover. 

2.  Materials  Condition:  The  insulating  powder  cover  was  in  good  condi¬ 
tion  at  the  outermost  layer,  but  was  beige  and  cakey  at  about  2  in.  from  the 
heat  pipe.  Rock-like  scale  was  observed  on  the  heat  pipe,  and  chiseling  and 
hammering  were  required  to  expose  the  pipe.  Differential  Thermal  Analysis 
(DTA)  of  the  scale  formation  indicated  that  it  contained  calcium  carbonate. 

Mud  with  a  moisture  content  of  28  percent  was  found  in  the  bottom  of  the  inner 
conduit . 

Heat-Carrying  Pipes.  The  exposed  pipes  were  found  to  be  in  good  condi¬ 
tion;  this  probably  resulted  from  the  alkaline  environment. 

Site  #5 

Location .  South  of  Building  223. 

Date  of  Inspection:  12  May  1982. 

Date  of  System  Installation.  1971. 

Age  of  System.  11  years. 

System  Description  and  Known  History:  Site  5  was  selected  because  it 
used  insulating  powder  and  had  new  1.5-in.  diameter  HTHW  supply  and  return 
piping.  The  piping  was  installed  according  to  the  recommendations  of  the  man¬ 
ufacturer  of  the  insulating  powder.  The  system  used  a  wood,  rectangular 
trough  18  in.  wide  and  12  in.  deep  to  hold  the  powder  in  place.  An  oversized 
plastic  sheet  was  laid  on  the  trough  bottom  and  sides.  About  5  in.  of  powder 
were  placed  on  the  bottom  of  the  trough;  the  pipes  were  then  laid  onto  the  in¬ 
sulating  powder,  maintaining  about  A  in.  between  the  pipe  edge  and  the  trough 
sidewall  and  about  3  in.  between  the  two  pipes.  Six  inches  of  powder  were 
poured  over  the  pipes.  The  plastic  sheet  was  folded  over  the  powder,  and  a 
layer  of  sand  was  poured  over  the  plastic.  The  manufacturer  stated  that  the 
insulating  powder  was  essentially  incompressible  in  the  range  of  earth  cover 
used  at  the  site.  The  HTHW  supply  pipe  temperature  was  measured  at  280°F,  and 
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the  HTHW  return  was  measured  at  102°F.  These  temperatures  were  thought  to  be 
lower  than  normal  and  caused  by  a  low  demand  for  heating  in  Building  223. 


Excavation  Characteristics. 


1.  Soil  Condition:  The  terrain  was  flat,  and  the  soil  was  a  permeable 
heavy,  dark  loam.  The  soil  was  only  slightly  damp  around  the  system,  and  no 
indication  of  a  high  water  table  was  observed.  The  soil  resistivity  was 
10,000  ohm/cm  ,  and  the  pH  was  5.6.  The  soil  temperature  was  52°F  away  from 
the  system  and  60°F  directly  above  the  system. 


2.  Evidence  of  Excessive  Heat  Loss:  None  was  observed. 

3.  Depth  of  Burial:  18  in. 


Manhole.  No  data  were  obtained. 


Conduit . 


1.  Insulating  Powder  Condition:  The  wood  side  forms  were  in  good  condi¬ 
tion. 

2.  Plastic  Cover:  The  plastic  cover  was  in  good  condition. 

3.  Insulating  Powder  Settlement:  Compression  settlement  was  observed  to 
be  about  2  to  3  in. 

Insulating  Powder. 

1.  Insulation  Temperature:  The  temperature  was  92°F  at  about  6  in.  from 
the  supply  pipe. 

2.  Material  Condition:  Most  of  the  powder  remained  white,  but  was  ob¬ 
served  to  be  slightly  beige  and  cakey  near  the  pipe.  A  laboratory  DTA  test  on 
the  cakey  scales  indicated  that  the  scales  were  composed  of  calcium  carbonate 
and  organic  material. 

Heat-Carrying  Pipes.  Both  carrier  pipes  were  in  excellent  condition  and 
exhibited  no  signs  of  external  corrosion. 

Site  #6 

Location.  Between  Buildings  212  and  215. 

Date  of  Inspection.  12  May  1982  (following  a  presurvey  on  8  April  1982). 

Date  of  Trench  Installation.  1979. 

Age  of  Trench.  3  years. 

System  Description  and  Known  History.  This  shallow  trench  system  was 
designed  and  installed  by  the  base  operations  and  maintenance  personnel.  This 
site  was  selected  because  the  tunnel  was  known  to  be  draining  improperly. 
During  the  presurvey,  steaming  was  observed  from  the  trench  when  the  top  slab 


was  lifted.  The  trench  was  found  to  be  full  of  hot  water  at  the  heat  pipe 
lines,  and  the  water  was  gushing  along  the  pipe  wall  in  the  mechanical  room  in 
the  basement  of  Building  212.  By  12  May,  the  standing  water  had  drained  away,, 
and  the  tunnel  drainage  system  was  operating  normally.  The  cause  of  the 
standing  water  was  found  to  be  a  frozen  drain  line.  The  drain  line  was  routed 
to  a  nearby  area  drain;  however,  since  the  tunnel  was  very  shallow,  the  drain 
line  was  only  about  4  ft  deep.  At  this  site,  the  frost  line  was  7  ft  below 
grade,  so  the  drain  line  froze.  Base  personnel  planned  to  reroute  this  drain 
line  so  it  would  not  freeze  in  the  future. 

This  system  was  similar  to  the  standard  S-U  system.  The  shallow  surface 
trench  contained  two  1.5-in.  HTHW  lines  insulated  with  1-in.  fiberglass 
wrapped  in  40-lb  asphalt-saturated  felt  ties  with  stainless  steel  wires.  At 
the  point  of  suspension,  the  foam  glass-insulated  piping  was  covered  with  gal¬ 
vanized  sheet  metal.  The  piping  was  suspended  with  a  U-boit  hanger  under  a  5- 
in.  by  1.5-in.  by  1/4-in.  thick,  steel  channel  across  the  top  of  the  trench. 

Interior  dimensions  of  the  concrete  trench  were  about  20  in.  wide  by  16 
in.  deep.  The  trench  wall  was  about  5  in.  thick.  The  trench's  concrete  tops 
were  about  5  in.  thick,  30  in.  wide,  and  about  6  ft  long.  A  neoprene  pad  (1/4 
in.  thick)  was  used  as  sealant  for  waterproofing  between  the  top  slab  and  the 
side  wall.  Neoprene  foam  rods  between  adjacent  top  slabs  were  topped  with 
Vulkem  polyurethane  sealant.  The  surface  temperature  was  301°F  at  the  supply 
line  and  282°F  at  the  return  line. 

Excavation  Characteristics. 

1.  Soil  Condition:  The  site  was  located  on  a  low  point  in  the  area. 

The  soil  was  permeable  dark  loam.  No  water  table  was  observed. 

2.  Evidence  of  Excessive  Heat  Loss:  Heavy  steaming  was  observed  during 
the  8  April  1932  presurvey  inspection. 

Adjacent  Building  Entry:  During  the  presurvey  inspection,  water  was 
found  gushing  into  a  mechanical  room  in  the  Building  212  basement.  It  then 
drained  through  the  floor  drain. 

Conduit  or  Trench. 

1.  Concrete  Portion:  The  concrete  portion  was  in  excellent  condition. 

2.  Joint  Area:  Joint  materials  were  in  excellent  condition. 

3.  Inside  of  Exposed  Area:  On  12  May,  there  was  still  about  0.5  in.  of 
muddy  water  lying  on  the  trench  bottom.  A  watermark  was  visibLe  near  the 
heating  pipes. 

4.  Other  Features:  The  U-bolt  hanger  and  channel  were  mildly  corroded. 

Thermal  Insulation.  The  fiberglass  insulation  appeared  to  be  intact; 
however,  the  portion  that  was  in  the  boiling  water  disintegrated  when 
touched.  The  foam  glass  pipe  support  insert  retained  its  properties  and 
appeared  to  have  sustained  no  damage.  The  40-lb  felt  pipe  wrap  was  almost  SOI 


completely  deteriorated  on  the  bottom  of  the  pipe  where  it  had  been  lying  in 
boiling  water. 


Heat-Carrying  Pipe.  As  an  apparent  result  of  prolonged  (probably  in 
excess  of  1  month)  boiling  in  ground  water,  a  hard  scale  was  deposited  on  the 
pipe  surface. 

Site  # 7 

Locat ion .  Between  Buildings  118  and  124. 

Date  of  Inspection.  12  May  1982  (presurvey  on  8  April  1982). 

Date  of  Conduit  Installation.  1967. 


Age  of  Conduit.  15  years. 

System  Description  and  Known  History.  This  site  was  selected  because  a 
gooseneck  vent  at  the  adjacent  manhole  (#102)  was  observed  to  be  steaming  dur¬ 
ing  the  presurvey.  The  gooseneck  vent  terminating  above  the  manhole  had  been 
replaced  before  the  inspection  with  a  conduit  vent  that  had  a  valve  terminat¬ 
ing  in  the  manhole.  The  vent  was  still  steaming  at  the  time  of  the 
investigation. 

The  18-in.  steel  conduit  contained  two  3-in.  HTHW  lines.  These  pipes 
were  laid  one  over  the  other.  They  were  insulated  with  a  1.5-in.  layer  of 
calcium  silicate  and  had  a  minimum  of  1  in.  annular  air  space.  A  cathodic 
protection  system  was  installed  and  was  operational. 

Excavation  Characteristics. 


1.  Soil  Condition:  The  terrain  was  flat,  and  the  soil  was  heavy  and 
dark  with  a  clay-like  consistency.  The  soil  was  wet,  but  no  water  table  was 
observed.  The  soil  resistivity  was  17,000  ohm/cm  ,  and  the  pH  was  5.8. 


2.  Evidence  of  Excessive  Heat  Loss:  There  was  no  grass  growing  above 
the  line.  Steaming  was  observed  when  the  opening  was  cut  into  the  conduit. 
The  ambient  temperature  was  53°F,  and  the  earth  surface  temperature  was  69°F 
above  the  conduit  and  58°F  away  from  the  conduit. 


3.  Depth  of  Burial:  5  ft. 

4.  Backfill:  The  conduit  was  surrounded  by  6  to  12  in.  of  sand. 
Adjacent  Manhole  (MH102)  and  Building  Entry  (Basement  of  Chapel). 
1.  Manhole  Condition: 


(a)  Arrangement:  The  dimensions  of  the  concrete  manhole  were  9  ft  by 
9  ft  by  7  ft  deep.  The  invert  of  the  conduit  was  5  ft  below  grade. 

(b)  Piping  and  Components:  The  piping  and  components  were  in  good 
condition. 


(c)  Flooding  and  Drainage:  There  was  a  waterline  near  the  3-in. 

level . 

2.  System  Penetration: 

(a)  End  Plate:  No  data  were  obtained. 

(b)  Waterproof  Casing  Coating:  The  coating  was  deteriorated,  and  the 
end  plate  area  was  rusted. 

(c)  Drainage  Opening  for  Conduit  Interior:  The  conduit  end  plate  in 
the  chapel  basement  was  rotated  by  90  degrees  and  therefore  improperly 
installed.  A  drain  faucet  was  dripping  water  continuously.  Efforts  to  remove 
blockage  in  the  conduit  drain  were  unsuccessful. 

(d)  Vent  Pipe  for  Conduit  Interior:  The  pipe  ended  inside  manhole 
#102.  The  vent  opening  was  rotated  by  90  degrees  (i.e.,  it  was  located  at  the 
side  of  end  plate  rather  than  the  top).  It  was  also  plugged. 

(e)  Seal  Around  Conduit:  A  poor  seal  allowed  rusty  water  to  pass 
through  the  conduit. 

Conduit . 

1.  Conduit  Temperature:  The  temperature  was  190°F  on  top  of  the  conduit 
casing  at  the  excavation  site  and  213°F  on  top  of  the  conduit  at  the  entrance 
through  the  building  wall. 

2.  Conduit  Coating:  The  conduit  coating  was  in  very  good  condition. 

3.  Exterior  Surface  of  Conduit:  Pitting  which  consumed  about  10  to  13 
percent  of  the  conduit  wall  thickness  was  observed. 

4.  Interior  Surface  of  Conduit:  Corrosion  was  observed. 

5.  Inside  of  Exposed  Conduit:  There  were  1.5  in.  of  water  in  the  bottom 
of  the  conduit. 

Thermal  Insulation. 

1.  Insulation  Material:  The  insulation  was  in  excellent  condition  on 
the  top  pipe.  However,  on  the  bottom  pipe,  it  was  wet  and  soggy  and  showed 
some  deterioration. 

2.  Surface  Temperature  of  Insulation:  The  temperature  was  191°F  on  the 
top  pipe. 

Heat-Carrying  Pipe.  Heavy  steaming  prevented  inspection. 
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Site  # 8 


,  Location.  Northwest  side  of  Building  120. 

I 

Date  of  Inspection.  12  May  1982. 

Date  of  Conduit  Installation.  1976. 


Age  of  Conduit.  6  years. 

• 

System  Description  and  Known  History.  The  14-in.  steel  conduit  contained 
two  1.5-in.  HTHW  lines  insulated  in  1.5-in.  calcium  silicate,  with  a  1-in. 
minimum  air  space.  The  supply  line  was  located  above  the  return  line.  The 
temperature  of  the  supply  line  was  280°F,  and  the  temperature  of  the  return 
line  was  132°F. 

• 

Excavation  Characteristics. 

1.  Soil  Condition:  The  site  area  was  level,  and  the  soil  was  dark  with 
a  clay-like  consistency.  The  soil  was  moist  at  the  conduit  level,  but  no 
water  table  was  observed.  The  soil  resistivity  was  4500  ohm /cm  ,  and  the  pH 

was  5.5.  • 

2.  Depth  of  Burial:  4  ft. 

Adjacent  Building  Entry.  The  entry  of  the  system  to  the  building  was  not 
built  according  to  standard  practices. 

• 

1.  System  Penetration:  There  was  no  way  to  drain  or  pressure-test  the 
system. 

2.  Vent  Pipe  for  Conduit  Interior:  The  vent  pipe  was  improperly 
installed,  and  steam  was  rising  from  it. 

Condui t . 

1.  Conduit  Temperature:  The  temperature  was  112°F  on  the  steel  conduit. 

The  normal  ground  temperature  was  54°F  and  was  62°F  directly  above  the  con¬ 
duit. 

2.  Conduit  Coating:  The  conduit  coating  was  thinner  on  the  top  than  on 
the  bottom;  however,  it  was  still  in  good  condition. 

3.  Exterior  Surface  of  Conduit:  The  conduit's  exterior  surface  was  in 
excellent  condition. 

_  • 

4.  Interior  of  Casing:  Moderate  corrosion  was  observed. 

5.  Inside  of  Exposed  Conduit:  There  was  about  1  in.  of  water  in  the 
bottom  of  the  conduit. 
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Thermal  Insulation 


1.  Insulation  Material:  The  insulation  was  reasonably  dry  on  the  top  of 
the  pipe,  but  it  was  wet,  soggy,  and  deteriorated  on  the  extreme  bottom.  The 
insulation  blocks  were  loose  and  had  fallen  to  the  bottom  of  the  conduit. 

2.  Tie-Strap:  The  tie-strap  had  rusted  and  was  dangling  in  some  areas. 

3.  Surface  Temperature  of  Insulation:  The  temperature  was  100°F  on  the 
top  pipe  and  90°F  on  the  bottom  pipe. 

Heat-Carrying  Pipe.  The  heat-carrying  pipes  were  in  good  condition. 

Site  H 9 

Location.  Northwest  of  Building  105. 

Date  of  Inspection.  12  May  1982. 

Date  of  Conduit  Installation.  1973. 


Age  of  Conduit.  9  years. 

System  Description  and  Known  History.  The  14-in.  filament  spiral-wound 
fiberglass-reinforced-plastic  (FRP)  conduit  contained  two  HTHW  pipes,  one  laid 
over  the  other.  The  two  2-in.  HTHW  pipes  were  insulated  with  calcium  sili¬ 
cate,  with  a  1-in.  minimum  annular  air  space. 

No  inspection  opening  was  cut  in  this  conduit  because  the  base  did  not 
have  a  standard  repair  technique  for  the  plastic  shell.  However,  two  holes,  3 
to  4  sq  in.  in  diameter,  in  the  conduit  shell  from  a  previous  excavation 
allowed  observations  to  be  made. 

Excavation  Characteristics. 


1.  Soil  Condition:  The  terrain  was  flat,  and  the  soil  was  black  with  a 
clay-like  consistency. 

2.  Evidence  of  Excessive  Heat  Loss:  None  was  observed. 

3.  Depth  of  Burial:  3  ft. 

4.  Backfill:  There  were  6  to  12  in.  of  sand  surrounding  the  conduit. 

Adjacent  Manhole  or  Building  Entry,  System  Penetration. 

1.  End  Plate:  One  end  of  the  conduit  ended  in  manhole  101,  and  the 
other  ended  in  the  mechanical  room  of  the  Base  Exchange.  The  conduit  entered 
the  floor  vertically  by  means  of  a  movable  end  plate  that  was  neither  pres¬ 
sure-testable  nor  drainable.  The  end  plate  in  manhole  101  was  made  of  steel 
and  coated  with  pre-cured  epoxy  resin.  The  surface  temperature  on  the  epoxy 
coating  was  167°F. 


2.  Waterproof  Casing  Coating:  The  coatings  on  the  end  plate  and  the 
pipe  penetration  were  blistered. 

3.  Drainage  Opening  for  Conduit  Interior:  In  manhole  101,  the  drain  was 
rusted  tight  and  could  not  be  opened. 

4.  Vent  Pipe  for  Conduit  Interior:  There  was  no  vent  pipe  in  manhole 

101. 

5.  Seal  Around  Conduit:  The  seal  around  the  conduit  was  poor. 

Conduit . 

1.  Exterior  Surface  of  Conduit:  Holes  and  shredding  fibers  were  ob¬ 
served  on  the  conduit.  The  conduit  deformed  under  the  weight  of  backfill  soil 
and  became  oblong. 

2.  Inside  of  Exposed  Conduit:  Fine  sand  and  water  were  standing  on  the 
conduit  invert  and  appeared  to  be  several  inches  deep. 

Thermal  Insulation. 

1.  Insulation  Material:  There  was  evidence  that  the  lower  portion  of 
the  insulation  on  the  lower  pipe  in  the  conduit  had  deteriorated. 

2.  Surface  Temperature  of  Insulation:  The  temperature  was  86°F  on  the 
insulation  of  the  top  pipe  and  365°F  on  the  pipe  surface.  On  the  lower  pipe, 
the  temperature  was  99°F  on  the  insulation  and  324°F  on  the  pipe. 

Heat-Carrying  Pipe.  The  heat-carrying  pipe  was  not  inspected. 

Sites  nOA,  10B 

Location.  Site  10A  was  located  at  the  northwest  corner  of  Building  231, 
south  of  manhole  205.  Site  10B  was  located  southwest  of  Building  229,  north 
of  manhole  205. 

Date  of  Inspection.  13  May  1982  (10A),  8  April  1982  (108). 

Date  of  Trench  Installation,  1977. 


Age  of  Trench.  5  years. 

System  Description  and  Known  History.  Two  sites  were  inspected,  one  on 
each  side  of  manhole  205.  The  sites  contained  the  shallow  concrete  surface 
trench  systems  (S-U).  The  top  cover  slabs  of  the  trenches  served  as  a  side¬ 
walk.  This  system  contained  two  6-in. -diameter  pipes  (HTHW  supply  and  return) 
which  had  2  in.  of  fiberglass  insulation  and  an  all-purpose  jacket.  The  insu¬ 
lation  was  wrapped  with  40-lb  felt  and  secured  with  stainless  steel  wires. 

The  pipes  were  supported  with  a  painted  steel  channel  and  were  attached  with 
U-bolts  to  the  channel  section.  A  foam  glass  insert  and  galvanized  metal 
shield  were  between  the  U-bolt  and  each  HTHW  pipe. 
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The  inside  of  the  trench  was  36  in.  wide  and  24  in.  deep,  and  its  waLls 
were  about  5  in.  thick.  The  concrete  top  sLabs  were  5  in.  thick,  46  in.  wide, 
and  96  in.  Long.  A  neoprene  pad  (3/8  in.  thick)  was  used  between  the  top 
slabs  and  the  side  wall  as  a  sealant  for  waterproofing.  A  neoprene  foam  rod 
topped  with  Vulkem  polyurethane  sealant  was  used  between  the  top  slabs. 

The  temperature  was  324°F  on  the  surface  of  the  HTHW  supply  pipe  and 
295°F  on  the  surface  of  the  HTHW  return  pipe. 

A  4-in.  drain  was  installed  about  6  in.  below  the  centerline  of  the 
trench. 

Site  Characteristics. 


1.  Soil  Condition:  The  terrain  was  level,  and  the  soil  was  a  dark  loam. 
No  water  table  was  observed. 

2.  Evidence  of  Excessive  Heat  Loss:  None  was  observed. 

Adjacent  Manhole  (Manholes  205  and  204). 

1.  Manhole  Condition: 

(a)  Arrangement:  The  dimensions  of  the  manhole  were  9  ft  by  9  ft  by 
8  ft  deep. 

(b)  Flooding  and  Drainage:  No  watermarks  were  observed  on  the  man¬ 
hole  walls.  A  small  amount  of  water  was  flowing  from  the  conduit  subdrain  to 
the  floor  drain  in  the  manhole;  this  was  probably  the  result  of  a  recent  heavy 
rain. 


Trench. 


1.  Concrete  Portion:  The  concrete  trench,  the  tops,  the  foam  plastic 
between  the  slabs,  and  the  neoprene  seals  between  the  tops  and  the  trench 
walls  all  appeared  to  be  in  excellent  condition.  There  appeared  to  be  no 
settling  of  the  trench  and  no  cracking  or  spalling  of  the  concrete. 

2.  Joint  Area:  The  neoprene  seal  pads  and  rods  worked  reasonably  well, 
except  at  overlapping  areas  where  water-drip  stains  were  observed. 

3.  Inside  of  Exposed  Area:  Some  water  had  entered  the  trench.  A  film 
of  water  was  observed  on  the  tunnel  floor  in  some  areas,  and  about  1/4  in.  of 
water  was  observed  in  the  thermaL  expansion  loop  area.  There  were  no  horizon¬ 
tal  watermarks  on  the  trench  walls,  but  there  were  marks  on  the  walls  caused 
by  the  intrusion  of  water  into  cracks  between  the  tops  and  trench  side  walls. 

Thermal  Insulation. 

1.  Insulation  Materials:  Insulation  materials  were  in  excellent  condi¬ 
tion. 


2.  Tie-Strap:  The  tie-strap  was  in  excellent  condition. 


3.  Surface  Temperature  of  Insulation:  The  temperature  on  the  felt  wrap 
was  87°F  on  the  supply  line,  75 “K  on  the  return  line,  and  68“F  on  Lop  ot  the 
concrete  sLab.  The  ground  temperature  was  56°F. 


A. 

had  only 


Other  Features: 
slight  corrosion 


The 


U-bolt 


threads , 


the  nut, 


and  the  steel  channel 


Heat-Carrying  Pipes. 


Mo  data  were  obtained. 


Summary 

Table  HI  summarizes  the  results  of  the  field  investigations  at  Grand 
Forks  AFB,  ND,  in  April  and  May  of  1982. 


Table  HI 

Summary  of  Heat  Distribution  Systems  at  Grand  Forks  AFB,  ND 


Site 

Type  of 
System 

Site 

Claasif ication 
(CE-301.21) 

Age 

(Years) 

Type  of 
Line 

Depth  of 
BuriaL  (ft) 

Soil 

Resistivity 

ohm/cm'J 

E« 

Condition* 

1 

C-l 

A 

24 

2HTHW 

7.5 

27,000 

5.56 

C/D 

2 

Z 

A 

26 

2HTHW 

4 

13,000 

6.7 

D 

3 

B-S 

A 

4 

2HTHW 

3 

21,000 

7 

B 

4 

P 

A 

10 

2HTHW 

8 

13,000 

6.5 

D 

4B 

P 

A 

10 

2HTHW 

5.5 

13,000 

5.6 

D 

5 

P 

B 

11 

2HTHW 

1.5 

10,000 

5.6 

B/C 

6 

S-U 

A 

3 

2HTHW 

— 

— 

— 

C 

7 

C-2 

A 

15 

2HTHU 

5 

17,000 

5.8 

C/D 

8 

C-2 

A 

6 

2HTHW 

4 

4,500 

5.5 

D 

9 

F-C 

A 

9 

2UTHW 

3 

— 

— 

D 

10A 

S-U 

A 

5 

2HTHW 

— 

— 

— 

A 

10B 

S-U 

A 

5 

2HTHW 

— 

— 

— 

A 

♦Definitions: 

A  *  efficient 

B  *  efficient  with  minor  problems 
C  »  not  efficient-repair 
D  «  not  efficient — replace 
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APPENDIX  I: 


SITE  INSPECTION  DATA  AT  LOCATION  8,  PENSACOLA  NAVAL  AIR  STATION,  FLORIDA 


Team  Members 


Ching-Ping  Chen,  CERL-EM 

Nicholas  Demetroulis,  NMD  &  Assoc. 

John  King,  Navy  Civil  Eng r.  Lab. 

Frederick  Kisters,  CERL-EM 

Tom  Lewicki,  AFESC/DEMM 

Vernon  Meyer,  MRDED-TM 

Dale  Otterness,  DAEN-ECE-E 

Gary  Phetteplace,  CRREL 

Ernie  Matkins,  NAVFAC 


Introduction 


This  investigation  involved  the  excavating  of  underground  conduits  at  six 
sites  (sites  1,  2,  3,  4,  5,  and  8).  Since  the  condensate  return  lines  were 
aLl  made  of  fiberglass-reinforced  plastic  (FRP),  the  steam-carrying  lines  were 
inspected.  Investigating  the  other  two  sites  required  removing  the  covers. 

One  was  a  deep  manhole  (site  7),  and  the  other  was  a  shallow-surface  tunnel 
system  with  a  prefabricated  conduit  containing  the  heat-carrying  pipes  (site 
6). 

The  rainfall  at  Pensacola  had  reached  an  annual  high  of  90.41  in.  The  40- 
year  average  was  60.1  in.  per  year,  and  the  highest  monthly  average  recorded 
was  20.36  in.  The  ground  water  elevation  in  the  area  was  about  3  ft  below 
grade.  The  combination  of  a  high  water  table  and  high  rainfall  dictated  that 
this  site  be  designated  as  Class  A. 

A  special  dewatering  system  had  to  be  put  in  place  for  the  excavation. 
This  system  consisted  of  8  to  10  well-head  sand  points  driven  into  the  earth 
to  an  elevation  lower  than  the  intended  excavation.  A  special  diesel-powered 
vacuum  pump  was  hooked  to  the  sand  points  and  a  6-in.  pipe  header.  The  dewat¬ 
ering  unit  was  equipped  with  a  vacuum-water  separator  and  a  centrifugal  water 
pump.  The  outflow  from  this  unit  was  a  6-in.  pipe  which  was  half  to  three- 
quarters  full  during  the  pumping. 

All  the  inspection  sites  except  site  8  were  excavated,  and  openings  were 
cut  into  the  conduits  about  a  week  before  the  inspection  team  arrived.  Storm¬ 
water  flooded  some  of  the  sites  and  forced  sand  into  the  open  conduits.  The 
temperature  profiles  were  not  recorded.  Base  personnel  cut  3-ft  sections  out 
of  the  conduit  for  the  inspection.  These  openings  were  much  Larger  than  those 
used  at  other  Locations,  so  more  insuLation  and  larger  heat-carrying  pipe 
areas  were  exposed.  Thus,  team  members  were  able  to  observe  deficiencies  that 
could  have  been  overlooked  if  only  small  openings  had  been  cut. 


General  Observations  and  Comments  From  System  Users 


Ground  water  covered  the  conduits  in  all  sites  investigated  except  site 
6,  which  was  a  shallow  concrete  surface  trench.  The  soil  was  typically  a 
white,  fine  sand  with  good  percolation  properties.  The  soil  resistivity  varied 
from  225,000  ohm/cnr  at  2.5  ft  below  grade  to  35,000  ohm/cm^  at  10  ft  below 
grade.  The  current  criteria  do  not  require  cathodic  protection. 

Although  relatively  new,  the  conduits  in  sites  1  and  5  have  been  aban¬ 
doned  and  replaced.  The  steam  pressure  was  off  for  the  summer  at  sites  3  and 
6.  This  was  detrimental  to  the  system  because  the  steam-operated  manhole  sump 
pumps  (ejectors)  would  not  function  and  allowed  the  manholes  to  fill  with  wat¬ 
er.  This,  plus  the  lack,  of  correct  routine  maintenance  within  the  manhole, 
was  judged  to  be  one  of  the  prime  causes  of  conduit  failures. 


Site  Observation 


Site  #1 

Location.  West  side  of  manhole  148  south  of  Building  654. 

Date  of  Inspection.  8  June  1982. 

Date  of  Conduit  Installation.  1974. 

Age  of  System.  The  system  was  abandoned  in  1977. 

System  Description  and  Known  History.  The  conduit  shell  was  about  18  in. 
in  diameter  and  contained  an  8-in.  steam  pipe,  2.5  in.  of  calcium  silicate  in¬ 
sulation,  and  an  annular  air  space  larger  than  1  in.  The  condensate  return 
line  appeared  to  be  4  in.  in  diameter.  The  return  line  was  wrapped  in  steel 
and  not  in  a  conduit.  No  cathodic  protection  was  installed. 

The  line,  which  ran  under  a  paved  road,  was  abandoned  in  1977  when  a  leak 
occurred.  Base  personnel  had  thought  that  the  cost  of  the  excavations  that 
might  be  necessary  to  locate  the  leak  could  exceed  the  cost  of  replacing  the 
system.  After  the  inspection,  team  members  concluded  that  water  had  entered 
the  air  cavity  before  the  system  was  abandoned;  however,  the  source  of  the 
water  could  not  be  determined.  Since  the  steam  line  was  not  active,  no  steam 
pressures  or  temperatures  were  recorded.  The  principal  cause  of  failure  was 
not  established. 

Excavation  Characteristics. 


1.  Soil  Condition:  The  site  had  been  excavated  the  week  before  the  in¬ 
spection  team  arrived.  The  ground  water  level  was  ordinarily  above  the  sys¬ 
tem;  however,  for  this  investigation,  ground  water  was  pumped  out  of  the 
soil.  The  soil  resistivity  was  225,000  ohm/cnr  at  2.5  ft,  140,000  ohm/cm'*  at 
5  ft,  and  34,000  ohm/cm^  at  10  ft  below  grade. 

Since  the  water  table  is  normally  about  3  ft  below  grade,  the  site  was 
considered  Class  A.  A  laboratory  analysis  revealed  that  the  water's  pH  was 
6.85  and  its  chloride  content  negligible. 


2.  Depth  of  Burial:  7  ft. 


Adjacent  Manhole.  10  ft  from  excavation. 

1.  Manhole  Condition: 

(a)  Arrangement:  The  concrete  manhole  was  9  ft  by  9  ft  by  9  ft  deep. 
The  invert  of  the  conduit  was  8  ft  below  grade. 

(b)  Accessibility:  There  was  no  ladder  installed, 

(c)  Piping  and  Components:  No  insulation  was  noted  on  the  piping, 
and  severe  corrosion  was  evident. 

(d)  Flooding  and  Drainage:  8  in.  of  hot  water  were  observed  in  the 
manhole,  even  though  the  area  around  it  was  being  drained.  No  drain  or  sump 
pump  was  provided. 

(e)  Ventilation:  Ventilation  was  provided  by  an  8-in.  vent  with  a 

cap. 

(f)  Manhole  Structure:  A  heavy  asphaltic  coating  was  observed  on  the 
manhole's  exterior.  The  entire  manhole  was  covered  with  a  1/4-in.  plate  in 
four  quadrants. 

2.  System  Penetration: 

(a)  End  plate:  No  data  were  obtained. 

(b)  Waterproof  Casing  Coating:  No  coating  was  observed,  and  the 
plate  was  severely  rusted. 

(c)  Drainage  Opening  for  Conduit  Interior:  The  drain  was  6  in.  from 
the  bottom  and  was  left  open. 

(d)  Vent  Pipe  for  Conduit  Interior:  The  vent  ended  in  the  manhole. 
Conduit . 


1.  Conduit  Coating:  The  conduit  coating  was  in  good  to  excellent  condi¬ 
tion. 

2.  Exterior  Surface  of  Conduit:  Minor  corrosion  spots  were  observed. 

3.  Interior  Surface  of  Conduit:  Heavy  corrosion  was  observed  on  the 
bottom  of  the  casing  where  it  appeared  that  about  4  in.  of  water  may  have 
stagnated. 

Thermal  Insulation.  The  insulation  showed  only  some  minor  deterioration. 
However,  there  were  some  scattered  signs  of  a  reaction  between  the  insulation 
and  the  heat-carrying  pipes  which  had  produced  barnacle-like  inclusions  on  the 
insulation  surface  and  deep  corrosion  pits  on  the  heat-carrying  pipes. 


Heat-Carrying  Pipes.  The  exterior  of  the  supply  pipe  was  severely  cm — 
roded  and  pitted  on  both  the  top  and  the  bottom.  Counterpart  pits  and  reacted 
zones  were  aLso  observed  on  the  insulation. 

Site  #2 

Location.  North  side  of  manhole  148,  south  of  Building  654. 

Date  of  Inspection.  8  June  1982. 

Date  of  Conduit  Installation.  1977. 

Age  of  Conduit.  5  years. 

System  Description  and  Known  History.  The  18-in.  diameter  steel  conduit 
contained  an  8-in.  steam  line;  the  line  was  insulated  in  2.75-in.  calcium  sil¬ 
icate  blocks  and  contained  a  minimum  of  1  in.  annular  air  space.  The  4-in., 
unwrapped,  fiberglass-reinforced  plasic  (FRP)  condensate  return  line  ran  along 
the  side  of  the  conduit.  There  was  another  4-in.  steam  line  in  the  same  area 
which  was  insulated  with  1-5/16  in.  of  foam  glass  and  covered  by  an  aluminum 
jacket  with  no  air  space.  No  cathodic  protection  was  installed.  The  system 
operated  continuously  at  a  steam  pressure  of  150  psig. 

Excavation  Characteristics. 


1.  Soil  Condition:  The  soil  conditions  were  similar  to  those  of  site 
1.  The  site  had  been  excavated  and  the  conduit  opened  about  1  week  before  the 
investigation.  The  soil  resistivity  was  225,000  ohm/cnr  at  2.5  ft,  140,000 
ohm/cnr  at  5  ft,  and  34,000  ohm/cmJ  at  10  ft.  The  site  was  designated  as 
Class  A. 


2.  Depth  of  Burial:  4  ft. 

Adjacent  Manhole.  The  manhole  characteristics  were  the  same  as  that  of 
site  1,  except  that  the  invert  of  the  conduit  penetration  was  4  ft  below 
grade.  The  system  penetration  area  into  the  manhole  was  not  accessible  for 
inspection. 

Conduit . 


1.  Conduit  Coating:  The  conduit  coating  was  in  good  to  excellent  condi- 

t  ion. 

2.  Exterior  Surface  of  Conduit:  The  exterior  surface  of  the  conduit  was 
in  excellent  condition;  however,  the  aluminum  jacket  was  severely  pitted. 

3.  Interior  Surface  of  Conduit:  There  was  corrosion  with  some  pitting 
on  the  interior  surface  of  the  conduit. 

Thermal  Insulation.  The  foam  glass  insulation  was  in  very  good  condi¬ 
tion.  The  calcium  silicate  insulation  blocks  were  also  in  good  condition, 
although  some  rust  marks  and  eroded  holes  were  observed  on  top  of  the  insula¬ 
tion. 
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Heat-Currying  Pipes. 


AL1  three  pipes  were  in  excellent  condition. 


Site  it 3 

Location.  Between  manhoLe  72  and  Building  3588,  immediately  east  of  the 
anchor  block  outside  of  manhole  72. 

Date  of  Inspection.  8  June  1982. 

Date  of  Conduit  Installation.  1979. 

Age  of  Conduit.  3  years. 

System  Description  and  Known  History.  The  16-in.  steel  conduit  contained 
an  8-in.  steam  line  insulated  with  2.5-in.  calcium  silicate  and  a  1-in.  mini¬ 
mum  annular  air  space.  The  2-in.  uninsulated  FRP  condensate  return  line  ran 
along  the  side  of  the  conduit.  No  cathodic  protection  was  installed.  The 
steam  line  had  been  turned  off  for  the  summer,  so  no  temperature  measurements 
were  recorded.  Steam-powered  ejector  pumps  that  were  installed  into  the  man¬ 
hole  east  of  site  3  did  not  work  during  the  system  shutdown.  Consequently, 
the  manhole  was  flooded  with  water  up  to  its  top. 

Excavation  Characteristics. 

1.  Depth  of  Burials  3  to  4  ft. 

Adjacent  Manholes.  (Manholes  72  and  72A). 

1.  Manhole  Condition: 

(a)  Arrangement:  Manhole  72  was  concrete  with  dimensions  of  7  ft  by 
10  ft  by  8  ft  deep.  Manhole  72A  was  about  6  ft  in  diameter. 

(b)  Accessibility:  The  construction  of  the  entrance  ladder  made  it 
dificult  to  enter  the  manhole. 

(c)  Piping  and  Components:  The  insulation  was  worn  away,  leaving 
only  dangling  tie-wires  on  rusted  piping. 

(d)  Flooding  and  Drainage:  The  manhole  was  full  of  water  to  within 
about  1  ft  of  the  top, 

(e)  Ventilation:  Each  manhole  had  two  gooseneck  vents. 

(f)  Manhole  Structure:  There  was  heavy  asphaltic  coating  on  the  man¬ 
hole  exterior.  The  coating  had  cracked  on  manhole  72A. 

2.  System  Penetration: 

(a)  End  plate:  No  data  were  obtained. 

(b)  Waterproof  Casing  Coating:  Most  of  the  original  coating  had 
deteriorated,  and  both  the  gland  seal  and  end  plate  were  rusted. 
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(c)  Drainage  Opening:  A  brass  drain  plug  was  present. 


,  (d)  Vent  Pipe  for  Conduit:  The  conduit  was  vented  properly;  however, 

|  installation  of  the  vents  was  unusual.  The  vent  pipe  doubled  back  along  the 

conduit  after  the  end  plate  and  then  ran  vertically  to  the  outside  of  the  man¬ 
hole.  Most  of  the  vent  pipe  was  cast  in  concrete,  which  may  have  been  part  of 
the  conduit  shell  anchor. 

(e)  Seal  Around  Pipe:  The  gland  seal  was  leaking.  In  addition,  some 
I  nuts  were  missing  or  loose,  which  allowed  water  from  the  manhole  to  enter  the 

conduit. 

Conduit . 


i 


2. 


Conduit  Coating:  No  evidence  of  deterioration  was  noted. 
Exterior  Surface  of  Conduit:  No  corrosion  was  observed. 


3.  Interior  Surface  of  Conduit:  The  surface  was  covered  with  a  heavy 
rust  scale  at  the  invert,  indicating  that  there  had  been  standing  water  inside 
the  conduit. 

Thermal  Insulation.  The  insulation  blocks  were  in  good  condition. 
However,  the  deep  pits  on  the  heat-carrying  pipes  indicated  that  they  had 
reacted  with  the  insulation. 


Heat-Carrying  Pipes.  There  were  deep  pits  on  the  exterior  of  the  supply 
pipe.  The  Lower  portion  of  the  supply  pipe  had  been  covered  by  water. 

Site  H4 

Location.  Immediately  north  of  manhole  72. 

Date  of  Inspection.  8  June  1982. 

Date  of  Conduit  Installation.  1975. 


Age  of  Conduit.  7  years. 

System  Description  and  Known  History.  The  18-in.  steel  conduit  contained 
a  10-in.  steam  line  insulated  by  2.5-in.  calcium  siLicate  blocks  and  a  1-in. 
minimum  of  air  space.  The  A-in.  FRP  condensate  return  line  was  wrapped  in  an 
asphaltic  material  and  buried  beside  the  conduit.  No  cathodic  protection  was 
installed.  The  system  operated  continuously  and  was  in  service  during  the  in¬ 
spection,  operating  at  a  steam  pressure  of  150  psig. 

Excavation  Characteristics.  The  conduit  was  buried  A  to  5  ft  below 
grade. 

Adjacent  Manhole.  The  characteristics  of  manhole  72  were  described  in 
the  text  for  site  3. 


Conduit 


1.  Conduit  Coating:  No  deterioration  was  observed;  the  coating  was  in 
excellent  condition. 

2.  Exterior  Surface  of  Conduit:  No  corrosion  was  observed;  the  conduit 
was  in  excellent  condition. 

3.  Interior  Surface  of  Conduit:  Some  corrosion  was  evident  on  the  top 
half,  and  heavy  corrosion  was  found  on  the  bottom  quarter. 

Thermal  Insulation.  The  insulation  was  in  good  physical  condition  except 
at  locations  touched  by  the  pipe  surface,  where  deep  corrosion  pits  were  ob¬ 
served. 

Heat-Carrying  Pipes. 

1.  Supply  Pipe  Exterior:  Corrosion  spots  containing  pits  about  0.07  in. 
deep  were  observed.  The  corrosion  was  more  severe  on  the  sides  and  lower 
quadrant  of  the  steam-carrying  pipe. 

2.  Return  Pipe  Exterior:  Minor  deterioration  of  the  wrapping  on  the 
condensate  return  line  was  noted. 

Site  # 5 

Location.  The  site  was  located  between  manholes  73  and  75,  west  of 
Building  3460. 

Date  of  Inspection.  8  June  1982. 

Date  of  Conduit  Installation.  1976. 

Age  of  System.  The  system  was  abandoned  in  1981. 

System  Description  and  Known  History.  The  18-in.  steel  conduit  contained 
an  8-in.  steam  pipe  insulated  in  calcium  silicate  blocks  and  a  1-in.  minimum 
annular  air  space.  The  section  of  the  conduit  removed  for  the  inspection  was 
an  elbow  section  of  an  expansion  loop. 

Base  maintenance  personnel  had  dug  up  five  separate  sites  along  the  line, 
but  could  not  locate  the  leaks,  so  they  abandoned  this  line  and  installed  a 
new  line  above  ground. 

Excavation  Characteristics.  The  system  was  buried  6  ft  below  grade. 

Adjacent  Manhole.  No  data  were  obtained. 

Conduit . 

1.  Conduit  Coating:  The  mastic  on  the  exterior  surface  of  the  conduit 
had  softened  and  dripped  toward  the  invert  of  the  conduit. 
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2.  Exterior  Surface  of  Conduit:  General  corrosion  was  evident  on  the 
top  of  the  conduit  where  the  coating  had  sloughed  off. 

3.  Interior  Surface  of  Conduit:  The  top  portion  was  generally  corroded; 
the  bottom  was  corroded  through  in  several  spots. 

4.  Other  Features,  Weld  at  Thermal  Expansion  Loop:  An  inspection  of  the 
joint  surface  showed  evidence  of  poor  weld  penetration  and  mismatch.  Cracks 
had  also  developed  at  the  welded  joint. 

Thermal  Insulation.  No  data  were  obtained. 

Heat-Carrying  Pipes.  Corrosion  was  observed  on  the  heat-carrying  pipes. 
Site  #6 

Location.  Near  Building  607. 

Date  of  Inspection.  9  June  1982. 

Date  of  Conduit  Installation.  Concrete  trench — 1920;  present  conduit  in 
trench — 1955 . 

Age  of  Conduit.  27  years. 

System  Description  and  Known  History.  A  6-in.  steam  line  and  2-in.  con¬ 
densate  line  in  a  steel  casing  were  installed  in  an  existing  concrete  trench  3 
ft  wide,  34  in.  deep,  with  6-in.  thick  walls.  The  conduit  system  was 
installed  before  the  Tri-Service  criteria  became  effective.  The  concrete  top 
slabs  were  3  ft  wide,  4  in.  thick,  and  14  in.  long.  The  lower  surface  of  the 
concrete  cover  had  an  indentation  which  matched  the  tunnel  wall  top  and  a 
tapered  section  where  the  tunnel  tops  butted  together.  The  tapered  section, 
which  formed  a  shallow  "V"  when  two  covers  were  butted  together,  was  filled 
with  portland  cement  to  waterproof  joints.  The  joints  showed  no  signs  of 
cracking  at  the  time  of  the  inspection.  The  conduit  was  supported  in  the 
trench  with  prefabricated  concrete  supports  and  could  not  be  cut  open,  so  no 
data  were  obtained  about  the  system  condition  within  the  conduit. 

The  system  was  intermittent  and  was  off  during  the  inspection.  Its  oper¬ 
ating  pressure  was  150  psig. 

Excavation  Characteristics.  No  excavation  was  done. 


Adjacent  Manhole  89. 

1.  Manhole  Condition: 

(a)  Arrangement:  The  dimensions  of  the  concrete  manhole  were  5  ft  by 
6  ft  by  4  ft  deep. 

(b)  Accessibility:  The  manholes  were  covered  with  four  checkered- 
plate  steel  plates  laid  over  a  square  crossframe.  These  removable  tops  were 
desirable  for  both  safety  and  maintenance  purposes. 
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(c)  Piping  and  Components:  Two  valves  were  heavily  corroded  and 
leaking.  The  condensate  line  was  heavily  corroded*  and  both  the  insulation 
and  felt  wrapping  were  deteriorated.  An  aluminum  jacket  covered  the  steam 
line  insulation. 

(d)  Flooding  and  Drainage:  There  were  14  in.  of  water  in  the  bottom 
of  the  manhole.  The  steam  ejector  pump  was  not  operational,  since  the  system 
was  off. 

(e)  Ventilation:  None  was  observed. 

(f)  Manhole  Structure:  Spalling  of  the  concrete  interior  manhole 
walls  was  observed. 

2.  System  Penetration: 

(a)  End  Plate:  No  data  were  obtained. 

(b)  Waterproof  Casing  Coating:  The  coating  had  worn  away,  and  the 
end  plates  were  heavily  corroded. 

(c)  Drainage  Opening  for  Conduit  Interior:  No  drains  were  present. 

(d)  Vent  Pipe  for  Conduit  Interior:  No  vents  were  present. 

Trench. 


1.  Concrete  Portion:  Some  spalling  was  noted  on  the  trench  wall;  other¬ 
wise,  the  60-year-old  trench  was  in  very  good  condition. 

2.  Joint  Area:  The  joint  area  was  in  very  good  condition. 

3.  Inside  of  Exposed  Area:  The  tunnel  drained  to  the  manhole.  About 
0.5  in.  of  muddy  water  were  on  the  trench  floor. 

4.  Other  Features:  The  steam  line  coating  and  the  pipe  appeared  to  be 
in  very  good  condition. 

Thermal  Insulation.  No  data  were  obtained. 

Heat-Carrying  Pipe.  No  data  were  obtained. 

Site  #7 

Location.  Manhole  31  near  Building  3568. 

Date  of  Inspection.  9  June  1982. 

Date  of  Installation.  Not  determined. 

System  Description  and  Known  History.  This  examination  of  manhole  31  did 
not  include  an  inspection  of  a  conduit  system.  The  primary  purpose  of  the 
steam  line  was  to  service  ships  tied  to  the  pier.  The  next  manhole  (#30 ) 
closer  to  pier  303  was  full  of  boiling  water. 
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Excavation  Characteristics.  No  excavation  was  made  at  this  site. 


,  Manhole . 

I 

1.  Manhole  Condition: 

(a)  Arrangement:  The  dimensions  of  the  concrete  manhole  were  8  ft  by 
8  ft  by  10  ft  deep. 

!  (b)  Piping  and  Components:  The  10-in.  steam  line  had  no  insulation. 

Other  components  were  corroded. 

(c)  Flooding  and  Drainage:  About  6  in.  of  water  and  fuel  oil  were  in 
the  bottom  of  the  manhole.  Maintenance  personnel  stated  that  the  manhole  had 
been  flooded  and  filled  with  mud.  No  effective  means  of  draining  the  manhole 

l  was  available. 

(d)  Ventilation:  One-half  of  the  manhole  cover  was  1/4-in.  plate; 
the  other  half  was  open  grate. 

2.  System  Penetration: 

i 

(a)  End  plate:  No  data  were  obtained. 

(b)  Drainage  Opening  for  Conduit  Interior:  The  drain  plug  was  in 

place. 

(c)  Vent  Pipe  for  Conduit  Interior:  No  vent  pipe  was  provided. 

Site  #8 

Location.  Between  manhole  73  and  Building  3460. 

Date  of  Inspection.  9  June  1982. 

Date  of  Conduit  Installation.  1974. 

Age  of  Conduit.  8  years. 

System  Description  and  Known  History.  The  12-in.  steel  conduit  contained 
a  4-in.  steam  line  insulated  in  2-in.  calcium  silicate  blocks  and  a  1-in.  min¬ 
imum  air  space.  No  cathodic  protection  was  provided.  The  intermittent  oper¬ 
ating  system  was  off  during  the  inspection.  The  steam  pressure  during  opera¬ 
tion  was  150  psig.  An  8  in.  by  14  in.  inspection  opening  was  cut  into  the 
conduit . 

Excavation  Characteristics.  The  water  table  was  3.5  ft  below  grade.  The 
soil  resistivity  at  5  ft  was  220,000  ohm/cm  ,  and  at  10  ft  was  200,000 
ohm/cm  .  The  result  of  the  ground  water  analysis  in  the  laboratory  showed 
that  the  pH  was  7.05  with  negligible  chloride  content. 


Adjacent  Manhole. 

1.  Manhole  Condition: 

(a)  Arrangement:  The  dimensions  of  the  concrete  manhole  were  5  ft  by 
6  ft  by  8  ft  deep.  The  invert  of  the  conduit  was  6  ft  below  grade. 

(b)  Piping  and  Components:  General  corrosion  was  observed. 

(c)  Flooding  and  Drainage:  Mud  was  found  in  the  bottom  of  the  man¬ 
hole.  Minor  leakage  occurred  at  the  condensate  line  penetration  into  the  wall 
and  at  the  vertical  corners  of  the  manhole.  The  steam  ejector  pump  was  in 
operation. 

(d)  Ventilation:  Vents  were  capped  and  exited  at  the  steel-plate 
covered  half  of  the  manhole. 

2.  System  Penetration: 

(a)  End  plate:  No  data  were  observed. 

(b)  Waterproof  Casing  Coating:  The  coating  was  worn  away,  and  the 
end  plate  was  heavily  corroded. 

(c)  Drainage  Opening  for  Conduit  Interior:  The  drain  plug  could  not 
be  opened. 

(d)  Vent  Pipe  for  Conduit  Interior:  The  vent  terminated  in  the  man¬ 
hole. 

(e)  Seal  Around  Conduit:  The  seal  around  the  condensate  line  was  in¬ 
effective. 

Conduit . 


1.  Conduit  Coating:  The  coating  was  less  thick  on  the  top  of  the  con¬ 
duit  than  on  the  bottom. 

2.  Exterior  Surface  of  Conduit:  The  exterior  surface  of  the  conduit  was 
in  excellent  condition. 

3.  Interior  Surface  of  Conduit:  There  was  slight  corrosion  of  the  sec¬ 
tion  that  had  been  cut  out  of  the  conduit.  A  corrosion  pit  in  the  invert 
extended  about  15  percent  through  the  shell. 

4.  Inside  of  Exposed  Conduit:  There  were  watermarks  on  both  the  insula¬ 
tion  and  the  invert  of  the  conduit. 

Thermal  Insulation. 

1.  Insulation  Condition:  The  insulation  had  partially  fallen  off  the 

pipe. 


2.  Surface  Temperature  of  Insulation:  The  temperature  was  114°F  on  the 
insulation  and  119°F  on  the  pipe  surface.  Since  the  line  was  turned  off,  the 


high  temperatures  indicated  that  there  might  be  a  leak  in  a  nearby  closed  iso¬ 
lation  valve. 


* 

^  Heat-Carrying  Pipes.  There  was  minor  corrosion  on  the  top  of  the  supply 

pipe  and  some  pitting  on  the  bottom  quadrant. 


Summary 

Table  II  summarizes  the  findings  of  the  field  inspection  at  Pensacola 
NAS,  FL. 

Table  II 


! 
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Summary  of  Heat 


Distribution  Systems  at 


Pensacola  Naval  Air  Station, 


Site 

Type  of 
System 

Sita 

Classification  Age 
(CE-301.21)  (Years) 

Type  of 
Line 

Depth  of 
BuriaL 

Soil 

Resistivity 
(ohm/ cnr ) 

Soil 

E« 

Condition* 

1 

Cl -PR 

A 

3 

steam 

7 

2.5  ft-225,000 

5  ft-140,000 

10  ft-34,000 

** 

C 

2 

Cl-PR 

A 

5 

steam 

4 

2,5  ft-225,000 

5  ft-140,000 

10  ft-34,000 

C 

3 

Cl-FR 

A 

3 

steam 

3-4 

— 

— 

C 

4 

Cl-FR 

A 

7 

steam  & 
condensate 

4-5 

— 

— 

C 

5 

Cl-FR 

A 

5 

steam 

6 

— 

— 

D 

6 

S-R 

conduit 

trench 

A 

27 

steam  & 
condensate 

—— 

B 

7 

manhole 

A 

not  known  — 

— 

— 

— 

ID 

B 

Cl-FR 

A 

8 

steam 

6 

5  ft-220,000 

10  ft-200,000 

7.05 

D 

FL 


♦Definitions: 

B  =  efficient  with  minor  problems 
C  ■  not  efficient — repair 
D  *  not  efficient — replace 
ID  =  insufficient  data  for  a  rating 


APPENDIX  J: 


ADDITIONAL  SITE  INSPECTION  DATA  AT  LOCATION  7,  GRAND  FORKS  AFB,  NORTH  DAKOTA 


Team  Members 

Ellen  C.  Segan,  CERL-EM 
Eleanor  W.  Blackmon,  CERL-EM 


Introduction 


This  location  was  inspected  on  August  23-26,  1983,  to  obtain  additional 
soil  data  for  use  in  clarifying  the  classifications  of  eight  previously  sur¬ 
veyed  sites.  Sites  1,  2,  3,  6,  7,  8,  9,  and  10  were  inspected,  as  well  as  an 
additional  shallow  trench  site,  number  11.  Soil  pH  and  resistivity  were 
determined,  the  upper  3  ft  of  soil  were  examined,  and  observation  wells  were 
installed  to  monitor  the  future  water  table  location. 


Site  Observation 


Site  # 1 

Location.  4  ft  east  of  manhole  604. 

Date  of  System  Installation.  1958. 

Age  of  System.  25  years. 

Depth  to  Conduit  Invert.  7.5  ft. 

Evidence  of  Excess  Heat  Loss.  Grass  growth  was  sparse,  and  four  vents  to 
the  conduits  were  steaming. 

Soil  Condition.  The  soil  was  a  loam  with  a  pH  of  7.2.  The  soil  resis¬ 
tivity  was  less  than  2000  ohm/cnr  at  all  depths  measured,  and  the  water  table 
was  4  ft,  10  in.  below  the  ground  surface.  The  site  classification  is  Class 
A — corrosive. 

Site  U2 

Location.  About  200  ft  south  of  the  southwest  corner  of  Building  418. 
Date  of  System  Installation.  1956. 

Age  of  System.  27  years. 

Depth  to  Insulating  Concrete  Invert.  4  ft. 

Evidence  of  Excess  Heat  Loss.  No  grass  was  growing  over  the  line,  and 
the  steel  tape  was  hot  when  it  was  removed  from  the  observation  well. 

i 
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Soil  Condition.  The  soil  was  a  silt  loam  with  a  pH  of  7.0,  and  the  soil 
resistivity  was  600  ohm/cnr  or  less  at  all  depths  measured.  The  water  table 
was  6  ft,  8  in.  below  the  ground  surface.  The  site  classification  is  Class 
A — corrosive. 

Site  §3 


410. 


Location.  About  200  ft  northwest  of  the  northwest  corner  of  Building 

Date  of  System  Installation.  1978. 

Age  of  System.  5  years. 

Depth  to  Bottom  of  Concrete  Trench.  4  ft. 

Evidence  of  Excess  Heat  Loss.  None  was  observed. 

Soil  Condition.  The  soil  was  a  silt  loam  with  a  pH  of  6.5,  and  the  soil 
resistivity  was  1150  ohm/cnr  or  less  at  all  measured  depths.  The  water  table 
was  8  ft,  7  in.  below  the  ground  surface.  The  site  classification  is  Class 
A — corrosive. 

Site  # 6 

Location.  About  30  ft  east  of  Building  212. 

Date  of  System  Installation.  1979. 

Age  of  System.  4  years. 

Depth  of  Bottom  of  Concrete  Trench.  2  ft. 

Evidence  of  Excess  Heat  Loss.  None  was  observed. 

Soil  Condition.  The  soil  was  a  silt  loam,  with  a  pH  of  6.6  and  a  resis- 
tivity  of  2750  ohm/cnr  or  less  at  all  depths  measured.  The  water  table  was  3 
ft,  8-in.  below  the  ground  surface.  The  site  classification  is  Class  A — 
corrosive. 

Sites  #7  and  # 8 


Location.  200  ft  north  of  Building  118. 

Date  of  Installation.  1967  for  9ite  7  and  1976  for  site  8. 

Age  of  System.  16  years  at  site  7,  and  7  years  at  site  8. 

Depth  to  Conduit  Invert.  5  ft. 

Evidence  of  Excess  Heat  Loss.  None  was  observed. 

Soil  Condition.  The  soil  was  a  loam,  with  a  pH  of  7.0  and  a  resistivity 
of  1500  ohm/cm3  or  less  at  all  depths  measured.  The  water  table  was  10  ft, 


4-in.  below  the  ground  surface.  The  site  classification  is  Class  B — 
corrosive,  according  to  FCGS  15705,  and  Class  A — corrosive,  according  to  CE- 
301.21. 


Site  #9 

Location.  3  ft  southwest  of  the  southwest  corner  of  manhole  101. 

Date  of  System  Installation.  1973. 

of  System.  10  years. 

Depth  to  FRP  Conduit  Invert.  5  ft. 

Evidence  of  Excess  Heat  Loss.  Grass  was  sparse  over  the  steam  line. 

Soil  Condition.  The  soil  was  a  silt  loam,  with  a  pH  of  7.5  and  a  resis¬ 
tivity  under  500  ohm/cnr  at  all  depths  measured.  The  water  table  was  11  ft, 
10-in.  below  the  ground  surface.  The  site  classification  is  Class  B — corro¬ 
sive,  according  to  FCGS  15705,  and  Class  A — corrosive,  according  to  CE-301.21. 

Site  #10 

Location.  6  ft  southeast  of  the  above-ground  shallow  trench  intersection 
west  of  Building  229. 

Date  of  System  Installation.  1977. 

Age  of  Trench.  6  years. 

Depth  to  Bottom  of  Shallow  Trench.  2  ft. 

Evidence  of  Excess  Heat  Loss.  None  was  observed. 

Soil  Condition.  The  soil  was  a  loam,  with  a  pH  of  7  and  a  resistivity  of 
under  250  ohm/cm3  at  all  depths  measured.  The  water  table  level  was  3  ft,  8- 
in.  below  the  ground  surface.  The  site  classification  is  Class  B — corrosive, 
according  to  FCGS  15705,  and  Class  A — corrosive,  according  to  CE-301.21. 

Site  #11 

Location.  4  ft  northeast  of  manhole  103. 

Date  of  System  Installation.  Unknown. 

Depth  to  Bottom  of  Shallow  Trench.  2  ft. 

Evidence  of  Excess  Heat  Loss.  None  was  observed. 

Soil  Condition.  The  soil  was  a  silt  loam  with  a  pH  of  7.1.  The  soil 
resistivity  was  1300  ohm/cnr  or  less  at  all  measured  depths,  and  the  water 
table  was  6  ft,  2-in.  below  the  ground  surface.  The  site  classification  is 
Class  A— corrosive. 


Summary 

Table  J1  summarizes  Che  soiL  data  for  the  eight  sites  resurveyed  at  Crand 
Forks  AFB,  ND.  ' 
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